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ON THE ETIOLOGY OF SOME HUMAN 
CANCERS? 


JOHANNES CLEMMESEN, M. D.,? The Danish Cancer Regis- 
try, under the National Anti-Cancer League, Copenhagen, 
Denmark, and the National Cancer Institute, Bethesda, 
Md., U. 8. A. 


In reviewing present knowledge of the causes of human cancer we 
find that heredity in some instances plays some—clinically unimportant— 
part in carcinogenesis. A considerable number of well-defined environ- 
mental factors such as radioactive compounds, sunrays, aniline dyestuffs, 
and other tar derivatives are responsible for the development of cancer in 
but a limited number of cases. There are, however, indications that 
hormones contribute to the development of some of the more important 
cancers, especially in women, and that diet, presumably in combination 
with other factors, may be responsible for the development of esophageal 
cancer and of primary hepatic cancer in various human races, 

In infectious disease, we always find one indispensable causative factor, 
although other factors may be involved, as for instance heredity in human 
tuberculosis. It is true that the quantitative relationship between in- 
dividual resistance at a given time and the intensity of infection is of 
considerable importance, but one dominant and indispensable causal factor 
is prevalent—the microorganism. 

In the case of human cancer, causative factors apparently are more 
equally balanced and work together in precipitating the catastrophe. In 
spite of this—or because of this—we are able to prevent some cancers from 
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appearing, as is being done in some industries today, by the exclusion of 
one or another factor from the environment. 

In experimental cancer research it has been possible to intensify one 
or another causative factor, making it the only apparent cause for the 
development of tumors under certain conditions. This is the case with 
the heavily inbred strains of mice, or with mice painted with powerful 
carcinogens.. The study of the interaction of such factors with a view 
to their individual effect may in time provide us with a model of human 
carcinogenesis, but at the moment we are apparently far from possessing 
even a model. And the possibility of such artificial intensification—and 
exaggeration—of one or another carcinogenic factor has, unfortunately, 
led some workers into premature theories, obviously influenced by the 
apparent simplicity of the pathogenesis in many infectious diseases, ap- 
pealing so strongly tomany minds. We meet with a similar way of think- 
ing in some virus theories, which, unfortunately, as far as man is 
coneerned, seem to be just inspiring analogies built on the model of more 
or less artificial carcinogenesis in fowls, rabbits, and mice. 

In such connections it is often forgotten that the reaction of tissues is 
usually without pathogenic specificity. Many nontuberculous persons 
have no doubt in the past been infected in tuberculosis sanitariums because 
histology had classified their histologic reaction to lipoids or tale as 
specific and caused by the tubercle bacillus alone. Nowadays we are more 
likely to suggest a chemical specificity—if any at all. 

It would seem possible to assume that the causation of various human 
cancers may be little more specific than bronchial asthma, one reaction 
produced in many ways. We may find some cytologic features common 
to malignant cells, and it may be fruitful to study them with a view to 
chemotherapy. 

But while we study the processes that make a cell cancerous, we should 
not forget to examine the factors that make a person a cancer patient. 
Otto Warburg is reported to have characterized the cancer problem as a 
problem of cells. Percivall Pott—with a view to his chimney-sweep 
boys—might have called it a question of soap. In other words, the 
etiology of cancer may be studied from both theoretical and practical 
aspects, but the results wanted by everybody are the practical. 


METHODS OF STUDY 


The increasing number of cancer cases cured by modern therapy makes 
mortality statistics increasingly inadequate as an index of cancer inci- 
dence. These statistics may still be used for comparison between geo- 
graphical areas, which have no better information on cancer frequency. 
But the only reliable expression of cancer incidence is the number of new 
cases diagnosed within a given area and within a given period. 

Occasionaily one meets with the demand that all cases of cancer included 
in statistical reports should be verified by histologic or autoptic examina- 
tion. While such requirements may have been of some justification in 
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the past, when the clinical diagnosis could not be considered safe without 
histologic confirmation, they would nowadays simply exclude a number 
of otherwise well-established cases, and, moreover cause a selection of 
cancers of certain sites, which in the particular area examined are favored 
by biopsies. It may also be pointed out that clinicians today have ac- 
cumulated more experience in the judgment of cases than was available 
at the beginning of the century. 

Septimus W. Sibley, who in 1859 reported on the cancer cases from the 
records of Middlesex Hospital (38), was ahead of many modern workers 
in pointing out that his statistics do not show the relative liability of the 
different organs to be affected with cancer, as these contain an undue 
proportion of cases easily recognized, while patients with cancers of the 
internal organs will go to general hospitals. 

Sibley adds, somewhat optimistically, “it need hardly be observed that, 
in order to form a correct idea of the relative liability of the different ages 
to become attacked with the disease, it is necessary to compare these num- 
bers with the relative numbers of persons living at these various ages.” 

Since cancer increases rapidly in frequency with the advancement of 
age, any evaluation of the frequency of cancer in a population or area 
must be made on the basis of detailed knowledge of the age distribution 
of the population from which the cases arise. Thus, the establishment of 
a cancer registry demands not only information about cancer patients, 
but also good civil statistics. And in dealing with hospital statistics 
from a single town or county, it is necessary to include patients from that 
town or county alone, and all such patients. At the same time we must 
know the exact numbers and the accurate age for the population served by 
the hospital in question if we are to draw conclusions applicable to cancer 
in general. 

The Danish Cancer Registry, from which the author has taken much 
of the evidence presented here, was opened in 1942 by The National Anti- 
Cancer League, with assistance of the National Health Service and the 
Danish Medical Association (15). The organization is run on a com- 
pletely voluntary basis for the purpose of research, and there can be no 
doubt that the results obtained would have been impossible but for the 
wholehearted collaboration of hospital doctors. 

All cases of cancer known to Danish hospitals, 2. e., about 80 percent of 
the national total, are reported directly to the Registry. In the remaining 
cases, death certificates are used as a source of information, under the 
assumption that no cancer will be cured without a visit to a hospital. For 
the sake of uniformity, all cases are grouped according to diagnosis by 
the author personally. The number of cases reported from each hospital 
department can to some extent be checked through annual reports from 
hospitals to the National Health Service. 

Workers accustomed to mortality statistics of large countries are some- 
times inclined to forget that large samples often are just substitute for 
small samples that may be collected with greater accuracy. In reference 
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to Denmark, it can be stated that the country is uniform from racial, oc- 
cupational, and social points of view, as well as with regard to medical 
facilities. Each county possesses at least one large, modern public hos- 
pital; and hospital treatment is practically free of charge for 80 to 90 
percent of the population. The latter comprises four millions, of which 
one million live in Copenhagen, and another in the provincial towns. 


ESOPHAGEAL CANCER 


Before the opening of the Registry, the author had studied mortality 
from cancer in Denmark with regard to groups of occupations (177). It 
soon appeared that such studies would be incomplete without an evalua- 
tion of the influence of hereditary factors on the development of cancer. 

Results from previous studies on occupational mortality from cancer in 
England (24, 30) and Holland (47) suggested that deaths from cancer of 
the upper digestive tract are more frequent than expected among workers 
in occupations exposed to alcohol but also among a few not so exposed, 
particularly metal polishers and rag grinders. As a whole, the less well- 
to-do classes showed a higher death rate from this cancer than expected. 

In spite of initial doubts it was found that these results, within limits, 
applied also to Denmark. Here male breadwinners of the group “com- 
mercial activities” showed a death rate for esophageal cancer of 3.1 per 
10,000 as compared with an average of 1.5 for all male breadwinners. 
For breadwinners engaged in the hotel trade the figure was 6.1, and for 
commercial travelers 8.3, which increase was statistically significant. 
Comparison with the mortality figures for England and Switzerland, with 
full allowance for differences in age, showed a very high mortality for 
male cases of esophageal cancer in Switzerland—the country of hotels. 
Alcohol may not in itself be the main causative factor, since other oc- 
cupations, not particularly exposed to alcohol, also show an increased 
mortality from this cancer. Factors such as dietary deficiencies (/) and 
tobacco (31) are known to be of importance in the development of cancer 
in the upper digestive tract, and may also play a part in the causation of 
occupational esophageal cancer. 

The first questions to arise after this confirmation of the English and 
Dutch results were, Why do some waiters—and numerically they are few— 
develop esophageal cancers while others do not? Could this difference in 
reaction to an exogenous result be due to a difference in inherited qualities? 

In order to examine this problem further, the Cancer Registry entered 
into collaboration with the Copenhagen University Institute for Human 
Genetics for the investigation of hereditary influence on the frequency 
of a few types of cancer that lend themselves to a diagnosis of some cer- 
tainty (73). 

E. Mogensen, who started our investigations on esophageal cancer, 
found, however, in an unpublished study that even if this cancer was more 
frequent among relatives of patients, so was the habit of drinking; but 
he could not tell whether the drinking tendency or the cancer was in- 
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herited, or whether both were due to the poor social status, common among 
these patients and their relatives. 


MAMMARY CANCER 


Heredity.—A definite hereditary tendency to the development of breast 
cancer was revealed by studies of Oluf Jacobsen (27). Earlier studies by 
Wassink in Holland indicated a tendency toward breast cancer; but in 
England, Passey (35) had been unable to confirm Wassink’s results. Even- 
tually, Jacobsen found that among sisters and mothers of 200 patients 
breast cancer was more frequent than among relatives of normal persons. 
For these groups of relatives every case of cancer was checked by death 
certificate or case record from hospitals. 

Penrose et al. (37) confirmed Jacobsen’s findings by reporting that in 
England breast cancer shows such a tendency to familial occurrence; but 
they have been unable to confirm another of Jacobsen’s observations, 
namely, that cancers of other sites also show a higher frequency among 
relatives of patients with breast cancer. 

By means of Jacobsen’s figures, Busk was able to demonstrate that when 
a woman has had a cancer in her right breast, her sister and mother stand a 
greater risk of developing an eventual mammary cancer in their right than 
in their left breast. This result was communicated to English workers, 
who later confirmed it on the basis of their own material (37,7,12). Before 
this proof could be adduced on a scientific basis it was, however, necessary 
to establish the relative frequency of cancer in the two breasts. It was 
found that breast cancer usually occurs more frequently in the left than in 
the right breast at a rate of 111 to 100 (8). Theoretically, both phenomena 
might be due simply to quantitative differences in the amount of gland 
tissue in the breasts, which in that case would be hereditary. A similar 
prevalence of the left breast demonstrated by Symeonidis with regard to 
gynecomastia in starving Greece * (34-2), and by Kiaer for fibroadenoma- 
tosis in Denmark (32) suggests, however, an asymmetrical sensitivity of 
the breast glands to hormones, which therefore may be supposed to be 
genetically determined. 

The first report on such asymmetry in the occurrence of mammary cancer 
was made in 1842 by Stern, who, probably in Verona, among 55 cases found 
82 localized in the left and 23 in the right breast, and mentions similar 
findings from Vicenza. 





* Personal communication : 24 bilateral, 58 left- and 25 right-sided lesions. 

* At a late stage in the preparation of the present paper the author discovered that most 
of the problems reviewed had previously been tackled by Rigoni Stern (41, 42), associate pro- 
fessor of clinical medicine in Padova, who in 1842 and 1844 published studies based on the 
cancer deaths occurring in Verona from 1760 to 1839. Stern’s studies compare favorably with 
many modern papers, for instance, with regard to distribution on age classes; and the author 
has found some of his conclusions sufficiently sober to be used instead of his own. 

Nevertheless, Stern was, not without justification, criticized by Walshe in 1846 (46) who says: 

“Stern attempts to show that a marked increase has for the last eighty years been steadily 
taking place in the frequency of the disease at Verona . . . and further that the increase is 
due to the female sex and to uterine cancer. The tables he has published ... can scarcely 
be considered satisfactory; is it credible that 10 years should pass (1770-1779) without a 
single death from uterine cancer while in another decennial period (1830-1839) 1138 in- 
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Furthermore, Stern states that all four deaths from mammary cancer in 
male patients in Verona between 1760 and 1839 occurred in priests, and he 
ascribes this to the frequent fasting and the abundance of fish in the diet 
of monasteries, although he mentions other possibilities. Gynecomastia 
occurring in starving populations is, according to J. Gillman (34), 
ascribed to suppression of the production of androgen substances caused 
by deficiency of diet. It would seem possible, that such suppression may 
also have been successfully achieved in the Verona clergy at Stern’s time. 

With regard to heredity of mammary cancer in males, Jacobsen found a 
heavy taint in all of six families of male patients with cancer of the breast, 
while Penrose et a/. found nothing noteworthy in the family histories of 
their two male cases. 

It soon appeared from studies by Videbaek in 1947 (45), and Busk in 
1948 (7), that information collected by questioning one or two members 
of each family will be reliable only with regard to close relatives, so that 
detailed studies on the path of inheritance can hardly be based on such 
information. Cancer patients and their relatives are usually better in- 
formed on cancer in their family than normal persons and their relatives. 
But even so, the collection of information about the fate of more remote 
relatives served to exclude that Jacobsen’s results might be due to “false 
inheritance.” 

Thus, it would seem that future studies will require a still more thorough 
questioning of members of families, and perhaps, also a larger number of 
families for examination than the usual 200. A cancer registry will be 
most useful in such studies, not only for the computation of the cancer 
risk at various ages, but far more by the registration of cases, which, how- 
ever, should cover more than one generation if we are to provide final 
evidence for the heredity of cancer and knowledge of the path of inheri- 
tance. Some information would seem available through studies on twins 
with cancer, but on the whole expectations to genetical studies on cancer 
will appear more justified in the theoretical than in the practical field, if it 
is considered that heredity in human cancer is at the moment only demon- 
strable either in exceptional families or by statistical analysis of materials 
comprising hundreds of families. 

Age.—The steep increase in cancer frequency with the advancement of 
age is common to all, except genital and pulmonary cancers, although 
varying with the site. The reason for this phenomenon is unknown. 
However, it may be explained by the long latent period for industrial 
cancers that probably exists also for cancers of a different etiology. This 
would naturally prevent cancer from appearing during the first decades 
of life, except where congenital factors are at work. On the other hand, 





dividuals fell victims to the disease? The signification of the term must have meantime changed 
in that part of Italy.” 

It seems probable that both Stern and Walshe may have been correct, since the increase to a 
large extent may have been the result of improvement of diagnosis, although some real increase 
in the frequency of uterine cancer is perfectly possible. The frequencies given by Stern are 
very high for uterine cancer, but even Walshe finds a surprising correspondence between the 
age distribution of Stern’s cases and those of Tanchou from Paris for 1830-1839. 
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it is often forgotten that such a latent period might vary not only with 
the site exposed, but also, for instance, with the age of the person. It 
would seem that experimental studies of the latency period on the lines 
laid down by Bang in 1924 (4) but utilizing genetically pure strains of 
mice, and pure carcinogenic hydrocarbons might contribute to our 
understanding of human cancer. 

Stern says (1844) : “The cancer of the breast is the more frequent, the 
more advanced the age of the women, and especially 10 to 15 years after 
the time of the ordinary cessation of the menstruation, but the mere fact 
that menstruation has stopped, has no influence on the pathogenesis of 
breast cancer.” 

On the latter point, the accurate information on age available in Den- 
mark has made it possible to modify Stern’s statement. Text-figure 1 
shows the age distribution for all cases of mammary cancer occurring in 
Denmark between 1943 and 1947, inclusive. The ordinate gives the 
number of cases per 10,000 women in each quinquennial age class, and the 
abscissa represents the age in years. 

There is an outstanding irregularity at the curves, which appears as a 
downward turn between the ages 48 and 52, although it may be explained 
as an upward turn for the preceding age classes. The demonstration 
of this irregularity was originally possible because the material could 


MAMMARY CANCER 


The Danish Cancer Registry 1943-47 
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defensibly be subdivided into age classes of even 1 year; it has later 
been confirmed on material from cancer registries in the United States. 
[Anderson et al. (4), Dorn (22).] 

In this connection it is significant that a careful inquiry on the age 
at menopause in Denmark from 1942 by Clausager-Madsen and Ytting 
(10) gave as a result 47.8 years for 176 women from the rural areas, and 
48.1 for 302 women from Copenhagen. It would be natural to suggest 
that the hormonal imbalance caused by the subsequent disappearance of 
various hormones at this age may accelerate or postpone the development 
of an eventual mammary cancer, thus transferring cases to other age 
classes, and changing the shape of our curve. There is ample therapeutical 
evidence from later years of similar influence of hormones on the course 
of mammary cancer. 

The graph gives the additional information that while the irregularity 
is well pronounced on the curve for rural areas it is less pronounced 
for provincial towns, and almost absent for Copenhagen, the capital. It 
seems as if there might be a difference between these districts in hormonal 
conditions for women. 

UTERINE CANCER 


Age.—The age-distribution curves for cancer of the cervix uteri and 
the endometrium in Denmark for the years 1943-47 are shown in text- 
figure 2 (21). Regarding the curve for cervical cancer, we shall find 


MAMMARY ENDOMETRIAL AND CERVICAL CANCER 


The Danish Cancer Registry 1943-47 
30 T T T T T 
20+ 
26+ 








T T T 


MORBIDITY RATES } 
Mommary | 
24+ ——< Cervical 1 
22+ eecceeee Endometrial 





20+ 
ig} 
16 b- 
14} 


10,000 POPULATION 
1 


12Fr 
OF 


CASES PER 











° ! 1 — 4 i i 
° 10 20 30 40 50 60 70 80 90 


AGE 
TExT-FIGURE 2—Mammary (4,997), endometrial (943), and cervical (2,966) cancer 
cases in Denmark 1943—47 distributed according to age. 


















HUMAN CANCERS 


UTERINE AND MAMMARY CANCER MORTALITY 
VERONA, ITALY 1760-1839 (RIGONI STERN) 

60 ——_— 

56 


52+ 
48/- 





44}- 
40 
36 -- 
32- 
28+ 
24+ 
20}- 


16 
i2b 


10,000 POPULATION 


DEATHS PER 





4h o” + 
@) 1 1 l ] "tl l l l l 1 l 1 lL l 1 l 1 l 
Oo 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 


AGE 
TExT-FicuRE 3.—Mortality of uterine and mammary cancer in Verona, 1760-1839 
distributed according to age. 











with Stern that this cancer “is rather numerous between the 30th and the 
40th year, and then almost doubles its frequency in the following two 
decades, to decline rapidly after the 60th year.... It has also been 
noticed by some authors that uterine cancer is rare in the most advanced 
age.” Mammary cancer “after having been relatively infrequent till the 
40th year, contrarily increases, especially after the 40th year.” 

The curves we may construct (text-fig. 3) on the basis of Stern’s figures 
(table 1) follow largely—at any rate with regard to their interrelation— 
the Danish curves for cervical and mammary cancer, although the mor- 
tality rates for Verona seem too high. One reason for this similarity, 
and for the correctness of some of Stern’s conclusions, is, no doubt, that 
doctors in Verona have been unable to diagnose endometrial cancer, so 
that Stern has worked with a purer material of cervical cancer cases than 
any of his successors, until it was possible to draw the curves in text- 
figure 2. Our greatest difficulty, nowadays, is to distinguish cervical and 
endometrial cancer in a percentage of cases sufficiently high to exclude the 
influence of nonspecified cases. This has been possible in our case be- 
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cause 95 percent of all Danish cases are treated in hospitals and 73 percent 
in the three Radium Centres of the Cancer League, which contributes 
further to the uniformity of the material. 


TaBLeE 1.—Verona, 1760 to 1839 (Rigoni Stern, 1842, p. 511). Uterine and mammary 
cancer in women. Mortality per 10,000 persons in various age classes 
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It is clear from text-figure 2 that there is a considerable difference in the 
age distribution of the two forms of uterine cancer ; consequently, the ratio 
of cervical to endometrial cancer will not always be constant, but will 
decrease in a country with an increasing average age of the female 
population. 

It will be understandable that Stern concludes “the frequency of uterine 
cancer shows an inverse relation to the frequency of mammary cancer ;” 
adding, “I have in other places tried to call the attention of doctors to these 
facts in view of their importance in the study of the pathogenesis of 
cancer.” 

Married state-—Text-figure 4 demonstrates clearly that the downward 
turn of the curve for cervical cancer takes place in the same age classes 
that show the irregularity of the curve for mammary cancer. This sug- 
gests, of course, a direct relationship of both cancers to the menopause, 
presumably of hormonal character. In text-figure 4 the cases of cervical 
and mammary cancer have been sorted out into “women never married” ; 
and “women married, divorced, widowed, etc.” 

The graphs, as well as many other studies by modern authors, bear out 
the observation, which Stern ascribes to himself and A. Cooper, that 
“single state and even more the monastic state increases . . . especially the 
number of mammary cancers,” as well as Stern’s observation that “married 
state increases the number of uterine (7. ¢., cervical) cancers” (42). An 
analysis of the corresponding figures for endometrial cancer shows no 
difference in incidence between single and married women. 

It may be mentioned that a full-dress scientific treatment of the material 
would involve actuarial analysis of the chance of marriage at various 
ages, etc., but for the present purpose the diagram will suffice as it is. 

The next question is, in what way could the married state be supposed 
to influence the incidence of cervical cancer, in case there is a causative 
relation and not just a mere coincidence of two frequencies? 

Various authors have stated that cervical cancer is extremely rare among 
virgins. A small number of cases are on record, but mostly without details, 
and may have been endometrial cancers, or, adenocarcinomas of the cer- 
vix—quite apart from the difficulty in obtaining scientific guarantee of 
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CERVICAL UTERINE AND MAMMARY CANCER 
MORBIDITY RATES BY AGE AND MARITAL STATUS 
DENMARK 1943-47(THE DANISH CANCER REGISTER) 
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virginity. This rarity has lately been confirmed by Gagnon (25), who 
reports that among 3,280 Canadian nuns, followed through a period of 
20 years, he observed no cases of cervical cancer, although a small number 
of endometrial cancers were found. The size of Gagnon’s material exceeds 
by far that of a similar study by Stern who found 4 cases of uterine cancer 
against 36 mammary cancers and 22 cancers of other sites. Even if Stern’s 
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statement on a very high frequency of cancer in general among nuns may 
be difficult to explain, his study compares favorably with Gagnon’s in 
giving accurate age distribution of cases, and it would seem worth while 
to make a full actuarial analysis of Gagnon’s interesting material. Still, 
it seems as if the latter has produced evidence in favor of the old experi- 
ence—that sexual activity is indispensable to a later development of 
cervical cancer. 

This experience explains how some authors who work on a material 
limited to certain age classes will find a higher proportion of early mar- 
ried women among their patients with cervical cancer than among the 
general population. If all factors but one necessary for the development 
of a cancer are present, it is clear that earlier application of the remaining 
factor may cause earlier appearance of some cancers, and, thus, pull them 
into the material across the upper age-limit. A subsequent analysis will 
find them in the material, but to attribute cervical cancer to early marriage 
would be tantamount to attributing poliomyelitis to childhood. 

Jewish rites —Even if sexual activity is indispensable to the development 
of cervical cancer, it does not necessarily cause an increase in its fre- 
quency, which proves that other factors must be involved in the patho- 
genesis of this disease. Thus, Wolff has demonstrated in 1939 (49) that 
in Berlin mortality from uterine cancer was lower among Jewesses than 
among other Germans, and there is evidence from Palestine indicating 
that his and other similar results apply to cervical cancer (6, 34). Some 
authors have maintained that uterine cancer does not occur in Jewesses, 
and have suggested that this might be due to the special Jewish rites that 
prescribe abstention from sexual intercourse in postnatal and post- 
menstrual periods. However, nothing definite is known about the efforts 
of these rites, and it would be biased to forget that diabetes and some 
other diseases occur frequently among members of the Jewish community, 
so that special somatic features are clearly demonstrated for these people, 
with regard to some endocrine manifestations. At the moment the sup- 
position of a hereditary or “racial” trend to a special hormonal status 
would seem at least as justified as an explanation of the low incidence of 
cervical cancer as the hypothetical effect of the religious rites in question. 

The circumcision of Jewish males has also been used as an explanation 
of the low incidence of cervical cancer among Jewesses, since circum- 
cision seems to reduce considerably the number of penile cancers among 
the circumcised. The latter effect is often ascribed to the prevention of 
the inflammations complicating phimosis, although lupus cancer seems 
to be the only form of cancer directly related to inflammation. Another 
explanation is that penile cancers arise through continuous contact be- 
tween the desquamated epithelium in the smegma and the thin epithelium 
of the glans. Kennaway suggests that since circumcision done later in 
boyhood does not seem to prevent penile cancer in Mohammedans it is 
probable that the determining period to the development of penile cancer 
is the first decade of life. But while it would seem entirely justified to 
put forward such working hypotheses for penile cancer itself, there seems 
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to be every reason for reluctance in building a second set of hypotheses on 
cervical cancer on top of them. 

Social class—Among clinicians it is a not uncommon belief that me- 
chanical injury to the cervix caused by childbirth, if not properly healed, 
may produce cervicitis, which may end in cancer. Here, again, inflam- 
mation is taken as a cause of cancer, on a merely speculative basis, al- 
though the possibility of a hormonal effect is gradually gaining ground. 
Support—and sometimes even proof—of the theory has been found in the 
fact that the number of previous births for women with cervical cancer 
is above the average, while patients with endometrial cancer show the 
number expected, and breast-cancer patients lower values. However, 
there is a not inconsiderable number of married, but childless, women who 
develop cervical cancer, and even if the number of childbirths runs paral- 
lel to the risk of cervical cancer, this does not prove a direct causal relation. 
Deaths from uterine cancer in England, for instance, increase in frequency 
down the social scale in proportion to the number of births and in reverse 
proportion to the frequency of deaths from mammary cancer, but “the 
existence of a similar though not so steep gradient of mortality according 
to social class among single women would seem to show that other im- 
portant factors beside child-bearing are involved” (40). It might be 
suggested that both gradients, to an unknown extent, would be influenced 
by a higher death rate for the poorer social classes, due, for instance, to 
deferred calling of the doctor, etc. 

Incidence figures for each of the uterine cancers separately are, however, 
available from Copenhagen, where Clemmesen and Nielsen (20) have been 
able to subdivide the city into 22 subdistricts, for which age distribution 
was known in detail (table 2). Social level was expressed in terms of 
house rent for each subdistrict. It was found that cervical cancer showed 
a variation in incidence from 183 percent of the average in one of the 
subdistricts with the lowest house rent to 50 percent in the most expensive 
quarters in Gentofte. It was striking to anybody familiar with the town 
how close the parallelism was between housing conditions and the inci- 
dence of cervical cancer; endometrial cancer did not show any social 
difference, and mammary cancer, as might have been expected, displayed 
a tendency opposite to cervical cancer, except for the wealthy quarters, 
where cancer of the breast also showed low figures. The rural areas, like 
the wealthiest parts of the city, showed an incidence of about only 50 
percent of the average for Copenhagen, so that we can exclude “poor gen- 
eral hygiene”—whatever this notion may include—as a “cause” of cervical 
cancer (text-fig. 5). 

It may be added that lung cancer, for the first time, showed a clear social 
grading, parallel to the grading of cervical cancer. 

Social grading of the frequency of uterine cancer is therefore beyond 
dispute and ascribable to differences in the incidence of cervical cancer. 
It is obvious that a study of the social distribution of cases of cervical 
cancer in childless women might answer finally the question whether 
marriage favors the development of cervical cancer because of childbirth 
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CERVICAL CANCER 


The Donish Cancer Registry 1943-47 
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Text-FicUre 5.—Incidence of cervical cancer, Denmark 1943-47 according to age, 
distributed on country parts. 


TABLE 2.—Incidence of cancer of various sites in Copenhagen 1943-47 in districts of 
various house rent, given as percent of standardized value for Greater Copenhagen 








District House rent 1940 | —— | ad | or 
errant 
I 
G. Gentofte..............- df 1,440 Kr. 50 | 93 | 66 
II | 
F. Frederiksberg... __-------- -.--| 1,055 Kr. | 92] 112 107 
ce. Voldkvarter..............----- 1,110 83 | 113 75 
| 1,050-1,150 | 90| 112 99 
III 
| | 
City subdistricts r, m, j, k, d, mae 850-950 Kr. | 79 | 110 90 
| 
IV | 
| 
City subdistricts o, h, s, i, 1, u__--- | 750-850 Kr. 100 94 97 
. | | | 
| 





City subdistricts e, b, g,t,f,a,n---| 645-750 Kr. | 131 | 92 116 
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only—in which case also the social distribution of the disease would be 
easy to understand—or whether the issue is more complicated. The limited 
size of the material has so far prevented such studies but other evidence 
might help to solve the problem: 

Relation of cervical to mammary cancer.—The inverse relation between 
the frequency of mammary and cervical cancer is also found in relation 
to married state and social class. As mentioned by Stocks (40), districts 
with a low birth rate will usually show low mortality from uterine cancer 
and high mortality from breast cancer, while districts with a high birth 
rate will show the opposite trend. Single women and women in higher 
social classes will show the same tendency as districts with low birth rate, 
and therefore thorough studies on the frequency of mammary cancers 
in nuns, and, possibly, also among Jewesses, might give interesting results. 

It is clear that the character of this interrelation is of great importance 
to our view on the pathogenesis of these cancers. Mammary cancer, is at 
least to some extent, subject to hormonal influence, and it is fundamental 
whether we must assume its inverse relationship to cervical cancer as 
obligate, and thus presumably due to one factor—for instance a hormone— 
working on both cancers, or whether we can demonstrate a relative in- 
dependence that would be more reconcilable with a difference in etiology. 

An analysis of the Danish cases for 1943 to 1947 made in collaboration 
with A. Nielsen shows, however, that the inverse relationship between the 
frequencies of mammary and cervical cancer is not invariably found; it 
can, therefore, hardly be ascribed to the effect of a single factor. 

Previous studies by Clemmesen and Busk (1/8, V.) support the findings 
in text-figure 1,—that mammary cancer is less frequent in rural areas of 
Denmark than in the capital. Text-figure 5 illustrates, in conformity 
with the earlier study, an even more pronounced tendency for cervical 
cancer in the same direction. Values for provincial towns take an in- 
termediate position. Even if small differences in medical facilities should 
influence the figures for these cancers to any significant extent—and this 
is unlikely—this influence would work in the same direction for both 
cancers. Consequently, we must realize that the usual inverse relationship 
between the frequencies of mammary and cervical cancer is replaced by 
parallelism, as far as towns and rural areas in Denmark are concerned. 

Although marriage is generally assumed to increase the risk of cervical 
cancer, we find in table 3 that in the rural areas of Denmark with their 
relatively low incidence of cervical cancer, unmarried women are rarer 
than in the capital with its high cancer frequency. 

Still, if the birth rate was the deciding factor, even identical crude birth 
rates for the two populations could cover a higher factual birth rate for 
the smaller percentage of married women in the capital. 

Tables 4 and 5 rule out this possibility. It is seen that the rate of legiti- 
mate births in relation to the number of married women tends to be lower 
for the capital than for the rural areas. This is also the case for previous 
years, which will be of importance if we assume a long latency period. 
Also, the later years for which detailed figures are available show no great 
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differences in crude birth rate between the wealthy part of the capital, the 
rest of the capital, and the rural areas. 

It is, therefore, impossible to assume a simple direct relationship between 
birth rate and cervical cancer. 


TABLE 3.—Percentage of unmarried women in Danish country parts, in various age classes 








Age | Capital Provincial towns Rural areas 
a cacti peaheneanaa aah tele aati an teenie 35. 9 34. 0 28. 2 
Se er eh ieee eee ye ae 20. 3 16. 6 11.4 
FE ae Peers eee 20. 4 14.9 10. 2 





TABLE 4.—Birth rates for Danish country paris, computed for live births in relation to the 
population by residence of mother, according to files of peoples register 











City of | Frederiks-| Gontofte |_ Greater | Provincial | Rural Whole 

Copenhagen| berg | |Copenhagen| towns areas country 
1941... 17.1 10. 8 14. 0 16. 0 | 18. 1 19. 4 18. 3 
aid dai ainad |} 19.2 13. 6 18. 2 184/ 20.1 21.1 20. 2 
_, eee | 20. 3 14.4 18.3 19. 4 21.5 22. 0 21.3 
_, are 21.2 13. 7 19. 1 3 ee See earns 
tats | 194 14.4 18.3 | gf SEER Sess Eee 
ES |} 21.6 15. 4 19. 4 | ee a ee 
, Sn 20. 5 15. 9 17. 6 _ 3 2 a eee 
Pie aceniwes 17. 3 13. 2 14.9 eee a 




















Folket&llingen 5 Nov. 1940 og Befolkningens Bevigelser 1931-40 (Census Nov. 5, 1940, and the movements of the 
population 1931-40). 


TaBLE 5.—Annual number of legitimate births per 10,000 married women in each age 
class, according to residence, Denmark 














1936-40 | 1931-35 

- |Provincial| Rural | Whole Provincial; Rural Whol ; 

; , ole 

Capital |" ‘towns areas | country | C®Pital | towns areas | country 

16-19__...._._._____| 5, 337 | 5, 832 | 5,270 | 5,441 | 4,405 | 6,999 | 5,958 | 5, 792 
ae 2,475 | 2,943 | 2,928 | 2,814 | 2,249 | 2,870 | 3,192 | 2, 889 
| a 1,615 | 1,965 | 1,975 | 1,880] 1,389 1,796 | 2, 163 | 1, 884 
eee iteaa 953 | 1,279 | 1,335 | 1, 224 843 | 1,182 | 1,503 | 1, 262 
- 449 707 801 691 413 714 981 780 
[See 124 252 318 255 143 291 403 316 
care 10 23 26 22 11 26 38 29 
Ee. 897 | 1, 154 | 1,140 1, 083 775 | 1,074 | 1,283 | 1,111 


























Folketillingen 5 Nov. 1940 og Befolkningens Beviigelser 1931-40 (Census Nov. 5, 1940, and the movements of the 
population 1931-40). 


It appears from the tables, that mammary cancer in the present material, 
as usually, is less frequent in areas with a high birth rate. This is not 
surprising in view of the clinical experience that fibroadenomatosis which 
has been proved to be precancerous [Kiaer (32) ] will regress after preg- 
nancy. But since the frequency of cervical cancer, contrary to expecta- 
tion, is also inversely proportional with the birth rate, it is probably this 
form of cancer that is responsible for the unusual findings. 
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It points in the same direction that cancer mortality for women in 
Denmark is highest in Europe, due to cancers of “accessible sites” (18). 
This makes it unlikely that the parallelism found is due to a decreased 
number of mammary cancers in the rural areas, and points to a highly 
increased incidence of cervical cancer in Copenhagen as the responsible 
factor. But quite apart from the reason for our findings, it is clear that 
about 50 percent of the cervical cancer cases in the capital could be avoided, 
if it were possible to give the same living conditions to the poor women 
there as those enjoyed in the wealthier quarters, or just in the rural areas. 

Endometrial cancer seems to develop independently of married state 
or social class. It is said to develop most frequently in women with 
delayed menopause, and never to occur in castrated women. Such cases 
have been mentioned, however, but not reported upon in detail. Endo- 
metrial cancer seems also to develop more easily among women suffering 
from the estrogen-producing granulosa-cell tumors, and all these facts 
suggest that the prolonged influence of estrogen on the endometrium is 
one of the factors responsible for the development of this cancer. 

This suggestion fulfills the requirement that any theory on the patho- 
genesis of the disease must be in accordance with its actual distribution by 
age. It is perfectly comprehensible that endometrial cancer most often 
develops later than the average menopause, perhaps in women with a 
high production of estrogen. The gradual decline of the curve would 
then be due to the combination of an increasing frequency of cancer among 
the women so disposed, together with a gradual decrease in their number. 
This is, of course, only one interpretation of the curve. 

Heredity.—Genetical studies on endometrial cancer were carried out 
by Brébeck in Copenhagen in 1949 on 90 families, and showed an in- 
creased tendency to the development of uterine cancer among sisters and 
mothers of patients with endometrial cancer, but no increase in frequency 
of cancers in other sites. Also, it would seem probable that a special 
hormonal development might take place on a genetical basis. 

Sisters of 200 patients with cervical cancer—but not their mothers— 
showed an increased frequency of uterine cancer. The fathers showed an 
increase in the occurrence of esophageal cancers, and the entire result 
has been ascribed to an inherited tendency to the development of cancer 
of squamous epithelium. It would, however, seem a more probable ex- 
planation that in spite of all precautions there has been a difference in 
social level between the cervical cancer patients and their families and 
the families of control persons. Brébeck, in his thorough analysis of 
the material, found a percentual increase of uterine cancer and a 
“corresponding” decrease of mammary cancers among relatives of patients 
as a whole, which would seem in conformity with such an assumption. 

Thus, so far, no evidence has been produced indicating a part played 
by heredity in the etiology of cervical cancer, and future studies in this 
field will have to pay full attention to the remarkable social differences 
in its occurrence. 

960071—51 
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Age in relation to cause.—The age distribution curve for cervical cancer 
should also be analyzed with a view to etiology and pathogenesis. 

The fact that the curve in text-figure 2 takes its downward course from 
the age of the menopause seems inconsistent with the idea that birth lesions 
and subsequent—permanent—cervicitis represent the main and direct 
cause of the disease. In that case, we would expect a continuous rise, 
unless we assume that hormonal effects enter the pathogenetic process. 
This has been suggested by Maliphant (33) who discusses the possible 
influence of estrogen on epithelium affected by infection. It is note- 
worthy that Maliphant, among 1,200 consecutive cases from Cardiff Royal 
Infirmary, finds a continuous rise of the cancer hazard until the age of 
60, from which age he sees a steady decline. Provided that this material 
is representative of all cases occurring in Wales, the difference from the 
Danish curve would seem to make further studies on age distribution and 
on latent periods worth while. 

The decline, following the menopause, of the Danish curve for cervical 
cancer suggests the cessation of some causative factor. Either the factor 
itself must be eliminated by the cessation of fertility or it is frustrated 
in its effect by the latter. This would be the case if the involution of the 
uterus could eliminate the supposed favoring effect of the cervicitis on 
carcinogenesis, although it is difficult to see why a similar effect should 
not be found on the occurrance of endometrial cancer. 

To the present author, it seems beyond dispute that cervical cancer in 
its development is subject to the influence of hormonal factors to a con- 
siderable extent. But it seems difficult to accept estrogen as the responsi- 
ble agent for both cervical and endometrial cancer in view of the marked 
difference in their age distribution. The production of uterine cancer in 
mice by means of estrogen, achieved by Allen and Gardner (3), applies to 
cervical but not to endometrial cancer, but we do not at the moment know 
whether these results apply also to cancer in women. 


REVIEW 


In attempting a synthesis we find histologic evidence inconclusive on the 
relation between cervicitis and cervical cancer. There are indications 
of important hormonal influence on the disease, which show a def- 
inite relation to sexual activity, consequently being more frequent 
among women who have given birth to children. The dependence of 
cervical cancer on social level seems, however, just as close, and we can 
now exclude that the influence of social factors should be exerted via 
childbirth only. If the latter is more of hormonal than of mechanical 
importance to the development of cancer, we must logically include all 
pregnancies as disposing factors, so that abortions also should be counted 
as predisposing. This might possibly explain some of the social dif- 
ferences. Also the influence of married life, as such, might have to be 
considered more from hormonal points of view than on the basis of the 
smegma theory. 
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Mammary cancer shows a slight tendency to be inherited, but it is 
subject to discussion whether relatives of breast-cancer patients show an 
increased tendency to development of other cancers. There is a tendency 
for members of the same family to develop breast cancers in the same 
breast, preferably the left, which seems to be more sensitive to hormonal 
effects than the right. Mammary cancer is influenced by hormonal factors 
that seem to hamper its development in married women, and, usually, 
but not invariably, it shows an inverse relationship in frequency to cervical 
cancer. 

It is striking that human breast cancer decreases in frequency with 
marriage, like the precancerous fibroadenomatosis with births, while mam- 
mary cancer in some strains of mice increases in frequency with births; 
and it seems to deserve attention how far the mouse cancer is a true 
model of human cancer. 

It would seem that further studies on an actuarial basis, on the frequency 
of mammary cancer with relation to marriage, childbirth, and social 
status, could still give interesting information provided they were com- 
bined with simultaneous parallel studies on cervical cancer. 

From the review given, it will appear that knowledge on human cancer 
is becoming sufficient as a basis of research—even if we shall have to wait 
for many final answers until methods have been developed for the esti- 
mation of the level of various hormones in the human body. 

The theoretical knowledge on cancer is now so extensive that it would 
seem the time is approaching for the selection of fields of study that are 
most likely to furnish an approach to practical problems. It is, however, 
highly doubtful if experimental studies on animals will give us informa- 
tion on cancer in man, which cannot easier and thus less expensively be 
obtained by studies on human cancer. It is characteristic that most of the 
progress with regard to human cancer has been made on a practical basis. 
Percivall Pott’s cancer in the chimney sweeps provided the starting 
ground for extensive theoretical studies, but the Danish Chimney Sweep- 
ers Guild, which in 1778 ruled that journeymen and apprentices should 
have their daily bath, may, whatever their motives, have done more to 
prevent human cancer than many research workers. 

Papers from the past century, like those of Stern, Sibley, and Walshe 
are superior to most modern publications on the demography of cancer, 
but their results suffered from the weakness of medical diagnosis of the 
time. With the progress of modern medicine the time seems to have come 
for abandoning the interesting but loosely founded statements that cancer 
of one or another site seems more frequent in one location or another. 

But even with modern medical facilities and good statistical treatment 
we have not reached that stage of synthesis that was already characteris- 
tic in the conclusions of Stern. It will be necessary to combine our knowl- 
edge on the etiology and pathogenesis—shortly the endemiology—of 
cancer more intimately and on a wider basis than is permitted by separate 
headings like “cancer statistics” or even “geographical pathology of 
cancer.” 
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Many modern communities have realized the enormous proportions of 
the cancer problem and have allocated large sums, usually spent on re- 
search of cancer in animals. It will be up to the medical professions, es- 
pecially in the fields of pathology and clinical medicine, to claim their 
reasonable share of the means available for research on human cancer, and 
to go ahead with the skill and courage displayed by experimental workers 
in their gigantic struggle to fight the cancer in the mouse. 
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THE PRODUCTION OF HEPATIC TUMORS 
IN RATS INGESTING VARIOUS CONCEN- 
TRATIONS OF p-DIMETHYLAMINOAZO- 
BENZENE *:? 


JULIUS WHITE and RoseMaArRy R. HEIN, National Cancer 
Institute,’ Bethesda, Md. 


INTRODUCTION 


The formation of liver tumors in rats fed certain azo dyes has been 
markedly influenced by the composition of the diet employed. Rusch, 
Baumann, Miller, and Kline (/) have reviewed the literature on the effect 
of diet on tumor formation by azo dyes. Miller and Miller (2) have dem- 
onstrated the presence of bound aminoazo dyes in the livers of rats fed 
p-dimethylaminoazobenzene (DAB). Miller et al. (3) have indicated 
that the tumor incidence obtained by feeding DAB at levels of 0.045 
and 0.030 percent result in 80-100 percent and 0-15 percent, respec- 
tively, of that obtained with 0.060 percent. Silverstone (4) has deter- 
mined the concentration of azo dyes in the livers of rats fed various diets 
containing DAB. He found that there was a direct relationship between 
the level of carcinogen dye in the liver and the rate of tumor formation. 

The experiments described herein were designed to determine the con- 
centration of orally administered DAB necessary to produce a maximum 
number of hepatic tumors in rats. The known variables were the dietary 
concentration of the azo dye, the cystine content, and the total food intake. 


EXPERIMENTAL PROCEDURE 


Twenty-five litters of Osborne-Mendel rats each containing eight ani- 
mals, both male and female, were allowed to consume the stock Purina 
chow diet until they weighed between 75 and 80 gm. Each litter was then 
divided into eight groups and placed on a basal diet of the following 
percentage composition: casein 6, crisco 24, cornstarch 50, sucrose 15, salt 
mixture (5) 4, cod liver oil 1. In addition, each animal received a daily 
supplement of 400 mg. of dried brewer’s yeast. The animals in the first 
four groups were given in addition 0.05, 0.04, 0.03, and 0.02 percent DAB, 


1 Received for publication March 16, 1951. 

2 Presented as an abstract before the American Association for Cancer Research, Atlantic 
City, April 1950. 

* National Institutes of Health, Public Health Service, Federal Security Agency. 
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respectively. The last four groups were given amounts of the azo dyes 
comparable to the first four groups but in addition they received 0.05 
percent /-cystine in place of an equivalent amount of starch. The animals 
were individually housed in cages with raised wire-mesh floors. Food 
and water were supplied ad libitum. Food intakes and body-weight 
changes were recorded twice weekly. Animals were palpated for hepatic 
tumors weekly, and those with palpable tumors were allowed to continue 
for another week, after which time the animals were sacrificed, and the 
gross changes observed were confirmed by microscopic examination of 
fixed sections.‘ Animals with no palpable tumors were allowed to con- 
tinue until it was necessary to sacrifice them. 


RESULTS AND DISCUSSION 


The effect of various concentrations of DAB in the diet of rats on the 
incidence of hepatic tumor formation is presented in table 1. The data 
indicate that, under the experimental conditions employed, the incidence 
of hepatic tumor formation is directly related to the amount of dye ad- 
ministered. Those groups that had ingested an average of 1.97 mg. per 
day, or higher, showed a tumor incidence above 94 percent. As the average 
daily intake of dye decreased from the above value to the low value of 
1.02 mg. per day, there was a concomitant decrease in tumor incidence 
from 94.7 to 53.0 percent. 

Groups 1 to 4 had approximately the same average total DAB intake 
(310-377 mg.). Groups 5 to 8, which had an additional 0.5 percent /- 
cystine in the diet, showed a similar though higher average DAB intake 
(630-769 mg.) than groups 1 to 4. Yet the incidence of hepatic tumors 
was not the same in all eight groups, indicating that a minimum concen- 
tration of the dye per day is needed to produce more than 90 percent 
hepatic tumors. Two mg. of DAB per day is the approximate minimal 
dose required to produce the maximum number of tumors under these 
conditions. 

Animals in groups 1 to 4 showed an average food intake inversely 
proportional to the amount of dye in the diet. Groups 5 to 8 showed a 
remarkably constant average daily weight gain in spite of the wide varia- 
tion in the DAB consumed in the different groups. The differences in the 
first four groups are attributed principally to the growth-retarding prop- 
erties of DAB when on a six-percent casein diet (6), whereas the constant 
gain in weight in the last four groups is attributed to the addition of 
0.5 percent cystine to the diet, which has previously been shown (6) to 
overcome the growth-retarding property of DAB on a 6-percent casein 
diet. 

A total of 200 rats were employed in this experiment. Only six were 
sacrificed early in the experiment because of evidence of pneumonia. 


*We are indebted to Dr. Fred Burgoyne of the pathology section for the diagnosis of the 
liver tissues. 
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TaBLE 1.—Effect of various concentrations of p-dimethylaminoazobenzene (DAB) on the 
production of hepatomas 

















czoun $8 compoaton | ie | AGShe* | Tut | Aaame® | avenge tne | Deten 
| animals = Pare tomas on formation ment 
rT er. 4 DAB! Gm. Mg. Gm. is Days 
1 25 0. 05 3. 94 1. 97 96. 0 0. 09 (97-199) 332 
2 24 . 04 4. 06 1. 62 84.5 .12 (107-267) 601 
3 23 . 03 4. 20 1. 26 65. 0 Pe (179-315) 657 
4 23 . 02 5. 11 1. 02 53. 0 .19 (243-507) 628 
5 25 7,05+C | 6. 96 3. 48 96. 0 . 76 (00-350) 519 
6 24 | .04+C | 7.08 2. 83 94. 7 . 74 (113-384) 557 
7 | 25 | .03+C | 7. 26 2.18 | 96. 0 42 as7-371 576 
8 | 25 .02+C | 7. 86 1. 57 80. 0 . 76 (327-490) 560 


























! Numbers refer to percent DAB in diet. 

3 C=0.5 percent /-cystine in diet. 
Unpublished data indicate a positive correlation of pneumonia with the 
incidence of hepatic tumors in rats, 7. ¢., the higher the incidence of 
pneumonia the lower the percentage of tumors. 

These data indirectly support the view of Silverstone (4) that the 
concentration of the dye in the liver bears a direct relationship to the 
percentage of hepatomas that appear. It would be of interest to study 
the effect of various dietary factors on hepatic tumor formation in which 
all animals received a daily intake of 2-3 mg. of DAB. 


SUMMARY 


A high incidence (over 94 percent) of primary hepatic tumors was 
obtained in rats ingesting 1.97-3.48 mg. p-dimethylaminoazobenzene 
(DAB) daily in a 6-percent casein diet alone or supplemented with 
1-cystine. 

As the average daily DAB intake was decreased from 1.97 to 1.02 mg. 
per day, the percentage of hepatomas decreased accordingly—from 94 to 
53 percent. 

There is a direct relationship between the average daily amount of DAB 
consumed and the incidence of hepatomas. 
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FUNCTION OF TRANSPLANTABLE TU- 
MORS OF THE THYROID GLAND IN 
C3H MICE? 


S. H. WoLLMAN, H. P. Morris, and C. D. Green, National 
Cancer Institute, Bethesda, Md. 


INTRODUCTION 


The ability of neoplastic thyroid tissue in man to concentrate radio- 
iodine has been studied extensively (7, 2). Most of such studies have 
used external counting to estimate radioiodine. Only a few data are 
available on radioiodine content of biopsy specimens (3, 4). The main 
interest in assaying biopsy material has been to obtain the total radioiodine 
content in order to compute the dosage of radiation to the tissues (4), 
and little has been done to determine the state of combination of the iodine 
in these specimens (3). 

Many cancers of the human thyroid gland concentrate radioiodine less 
well than normal thyroid tissue. A few clinical studies have been made 
of the effects of thyroid stimulating hormone, TSH, (7, 2), and thiouracil 
(1) on thyroid tumor tissue; it has been found that TSH causes some 
nonfunctional thyroid tumor tissue to collect more radioiodine than prior 
to treatment. No real understanding of how to influence the avidity of 
thyroid tumor tissue for iodine can be made without a more detailed exam- 
ination of the iodine metabolism of the tissue. 

The human is not a convenient experimental animal for such experi- 
ments. Suitable transplantable experimental thyroid tumors were un- 
available until Morris and Green (6)* succeeded in producing a variety 
of tumors of the thyroid gland in strain C3H mice. In the present study 
four selected tumor lines have been tested. The results reported herein 
indicate that each of these tumors differs from the others in its ability to 
function as thyroid tissue, namely, to concentrate iodine and to incorporate 
it into thyroxine. 


‘ 


METHODS 


Four mice were selected, each of which had been carrying one of the 
thyroid tumor lines for a period of time, varying from 4 to 10 months. 
The mouse carrying tumor line 2 had been fed a standard stock diet. Mice 


2 Received for publication March 20, 1951. 

2? National Institutes of Health, Public Health Service, Federal Security Agency. 

* For sitoplicity Morris and Green’s tumors 5897, 5365, 5494, and 5651 will be called tumors 
1, 2, 3, 2 4, respectively. 
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carrying the other tumor lines had heen fed a meal diet of similar com- 
position containing thiouracil. When these four mice were killed, a 
piece of each tumor was taken for histologic sectioning (using Zenker- 
formol fixation and hematoxylin-eosin staining) and a portion of the 
remainder of each tumor was cut into five small pieces each of which was 
implanted subcutaneously into a virgin female C3H mouse about 10 
weeks of age. 

The mice had been tested in order to be certain they were not especially 
sensitive to thiouracil by being fed a diet containing 0.375 percent of 
this goitrogen for 2 weeks before implantation of the pieces of tumor. 
After implantation of small pieces of the respective tumors, all animals 
were fed a stock diet containing 0.25 percent thiouracil. When most of 
the hosts carrying a given tumor line had developed tumors estimated 
to weigh about 100 mg., all the hosts carrying the line were placed on a 
low-iodine diet * without thiouracil for 2 to 3 weeks. At the end of this 
time each mouse was given approximately 5 microcuries of I" intraperi- 
toneally and, as indicated in table 1, the mice were killed (with ether) 5 
to 18 hours later. Thyroid gland and tumor were excised, the tumor was 
examined for necrosis, both thyroid gland and tumor were weighed, and 
the I™ content of healthy tissue was recorded.° 

No measurement of I content was made on necrotic tissue. (Only 
tumor 1 showed any evidence of central necrosis.) Thyroid glands and 
tumors were digested in 2N NaOH on a steam bath for 16 hours and the 
thyroxine was extracted by the method of Taurog and Chaikoff (7) using 
glass apparatus. In cases where the tumor was larger than 50 mg., the 
proportion 20 ml. NaOH to 1 gm. tissue was used, and all other reagents 
were scaled in proportion. The thyroxine fraction was assayed for I™. 
It is understood that the washed butanol extract contains small amounts 
of iodine found in unidentified substances other than thyroxine. The 
iodine-containing substances in the extract are conventionally referred 
to as thyroxine, and are so referred to in this paper. 

All assays for I™ were done by counting gamma rays from material in 
solution using special Geiger tubes (8) made at the National Cancer Insti- 
tute by F. Highhouse. The Geiger tubes are toroids containing four wires 
between concentric platinum cylinders, in a glass envelope filled with argon 
and heptane. They have a 200-volt plateau and an operating voltage 
between 900 and 1,000 volts. (The background in a 2-inch lead shield is 
two counts per second, the counting efficiency 1/600.) The sample to be 
counted is placed in a 40-ml. serum vial and is lowered into a trough in 
the center of the counter. The counting rate depends slightly on the 


*The regular National Cancer Institute pelleted food made by Derwood Mills, Derwood, 
Maryland, was prepared using a low iodine containing sodium chloride instead of a com- 
mercial grade of salt. 

5 When these tumors are grown in the same host for a long time, nodules of thyroid tissue 
are occasionally found in the lungs of the host. If this were true in these experiments, esti- 
mates of total I™ pickup by tumors would be underestimated. Lungs were not examined in 
the animals reported here, but it is believed very improbable that lung nodules would form 
a significant fraction of the total weight of tumor in these hosts, since the tumor is a slowly 
growing one ; the period of growth in these studies is only 2 to 3 months. 
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volume of solution in which the gamma emitter is dissolved, but if the 


volume is known, correction is simple. The counting rate is independent 
of solvent. 


RESULTS 


Data obtained in these preliminary tests of the function of four thyroid 
tumor strains are listed in table 1. Averages of some of the data, which 
are discussed in detail, are listed in tables 2, 3, and 4. 

I™ uptake by thyroid gland and tumor.—Thyroid glands concentrate 
I™, table 2. For a host carrying a given tumor strain, the percent of [™ 
picked up by the thyroid gland shows considerable scatter (most of which 
is due to variation in weight of the gland), but the average uptake in 18 
hours is approximately 30 to 40 percent of administered iodine. The low 
pickup for the thyroid glands of those mice carrying tumor 4 is an excep- 
tion. In this case the thyroid glands pick up one-half to one-third as much 
as the thyroid glands of other mice with less active tumors. 

Only in the case of tumor 4 is the pickup of I™ by the tumor as much as 
the pickup by the thyroid gland in the same animal. Tumor 1 picks up 
only approximately 0.21 percent of the injected I™ in 5 hours but in the 
other tumors the average pickup in 17 to 18 hours varies from 3 to 44 
percent of the injected I. 


TABLE 2.—Average percent pickup of I™ by thyroid glands and tumors in C8H mice 





| | Perce: im j j 
Mouse | Hoursafter Percent I! in thy- | Percent eh thyroid 


injection of | Percent I! in tumor “se 
pst seid Gand | Percent I‘! in tumor 


tumor 





5 
17 
18 
18 


~- 


202 +75 
20.1 +15 
3.55+0 . 23 

-31+ .087 


He He He He 
Om po 


Comm 








| 








! Standard error of the mean. 


Comparison of I’ uptake of the thyroid gland with that of the tumor, 
shows that in the case of the least active tumor (line 1), the thyroid glands 
picked up approximately two hundred times more than the tumor. Tu- 
mor lines 2 and 3 were such that the pickup of I"** was 5 percent, and 20 
percent as much as the thyroid glands of the same animal, respectively ; 
tumor 4, the most active, picked up three times as much I" as the thyroid 
gland of its host. The low pickup by the thyroid gland in hosts carrying 
tumor line 4 is probably due in large part to competition with the larger 
mass of the tumor, though the thyroid gland itself did show other evidence 
(discussed below) of having depressed function. 


*Since no autoradiographs were made, no direct data concerning the uniformity of I'™ 
pickup in the tissues are available. The stained sections indicate, however, that these tissues 
had in some cases several histologically different areas on a single tissue slice, and it is 
probable that autoradiographs would indicate nonuniform distribution of I™. 
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Concentrating power of thyroid gland and tumor.—While discussion 
of pickup by the tissues studied has significance in indicating over-all 
competition between thyroid gland and tumor for available iodide, from 
the standpoint of function, the percent of injection I™ picked up per 
milligram of tissue is a better criterion, mainly because there is partial 
elimination of the influence of the difference in the size of the tumor and 
of the thyroid gland in the same mouse. The influence of tissue mass is 
considerable: Note for example in table 1 that the percent pickup of 
the thyroid gland of mice carrying tumor 4 varies by 300 percent, while 
the percent pickup per milligram of thyroid tissue varies by 50 percent. 
As shown in table 3, percent pickup per milligram of tumor is found to 
vary considerably, from 0.017 to 0.65 percent for the different tumor 
lines at 18 hours after injection. The pickup at 5 hours by tumor 1 is 
only 0.0024 percent per milligram, and when tested this tumor probably 
will turn out to pick up not much more at 18 hours.’ On the other hand, 
the corresponding data on the thyroid gland are fairly constant, varying 
from 1.38 percent per milligram of thyroid tissue for the animals with 
tumor 4 to 3.14 percent per milligram of thyroid for animals bearing 
tumor 2. It is interesting to note here that part of the reason for low 
pickup of the thyroid glands of mice with tumor 4 is due to the smaller 
size of the glands in these mice in comparison with the size of the glands 
in mice with other tumors. In addition, however, the I’ concentrating 
power of these thyroid glands is less than that of those mice in which 
tumors do not concentrate iodine as well as tumor 4. In fact, the pickup 
of I™ per milligram of thyroid gland decreases as the ability of the 
associated tumor to concentrate iodine increases as shown in table 3. 
This effect may be due partly to an increased competition of the tumor 
for iodide, but also probably to the action of the more active tumors in 
depressing the pituitary production of thyroid stimulating hormone, 


TSH * or possibly to their action in increasing the rate of destruction 
(9) of TSH. 


™This remark is based on the following reasoning: (a) More than half the tumor lines 
tested (unpublished results) do not concentrate [™ at either 5 or 18 hours. Inactive tumors 
of the thyroid gland are most commonly encountered in the C3H mouse as well as in man. 
(>) In all published studies of iodide uptake, the maximum rate of uptake occurs just after 
injection; this is reasonable since the radioactive iodide is taken from the blood, which has 
maximum activity at this time. If a tumor has little iodide uptake at 5 hours, it is too late 
for it ever to get much more because the blood level of I has decreased considerably by this 
time. (c) Five hours is long enough time for active tissue to concentrate an appreciable 
fraction of the administered I as shown by the fact that the thyroid glands in the hosts of the 
line 1 tumors had concentrated 25 percent of the administered dose at this time. (d) Com- 
parison of percent uptake for thyroid glands of line 1 hosts at 5 hours with uptake for line 
2 or 3 hosts at 18 hours shows that there is only a 20 percent difference. It is probable that 
line 1 tumors will pick up only an additional 20 percent in the time interval between 5 and 18 
hours. 

* At present it is not known whether the ability of the tumor to concentrate iodide and 
incorporate it into thyroxine becomes independent of TSH as the growth of the tumor becomes 
independent of TSH. 
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TABLE 3.—Average percent pickup of I™' per milligram of tissue by thyroid glands and 
tumors in C3H mice 

















Mouse | Hours after Percent I! Percent I"! I'3!/mg. thyroid gland 
tumor | injecta | mg. thyroid gland img. tumor "Fig. tumor 
7. 2.6040.091] 0.002440.0008 [1,300 +337 
2 | 17 3.144 .23 .017 + . 004 164 + 16 
3 | 18 2.254 .37 . 232 + .099 1.3 + 18 
4 | 18 1. 38+ .08 .65 + .05 2.164 .10 











! Standard error of the mean. 


In comparing activity of thyroid gland and tumor, it is important to 
compare the gland and the tumor in the same animal, as only in this 
circumstance are the tissues exposed to the same hormonal environment. 
In order to compare the I" concentrating ability of the tumors with that 
of the corresponding thyroid glands in the same animal, the ratio of per- 
cent pickup of I" per mg. of thyroid gland to that per mg. of tumor has 
been calculated. The concentrating power of the thyroid was found to 
vary from 1,300 times that of the tumor in the case of tumor 1 to 2.16 times 
that of the tumor in the case of tumor 4. Hence, even in the case of the 
most active tumor, the tumor concentrates iodide on a per-mg.-of-tissue 
basis only half as well as the thyroid gland in the same animal. 

Incorporation of I[™ into thyroxine fraction—A second criterion of 
thyroid function is the ability of a tissue to incorporate iodide into thy- 
roxine. Determinations were made of the fraction of the I™ in a tissue 
that is incorporated into thyroxine, 7’; the average values thus obtained 
are shown in table 4. 


TABLE 4.—Average incorporation of I into thyroxine fraction by thyroid glands and 
tumors in C3H mice 














I" in thyroxi 
Stem | Bawa ater 1 in thyroxine | 1 in thyroxine ‘thyroid gland~ Column 4 
tumor | “of [1 thetsia it Total I'* in tumor pau ms Sates Column 3 
| 
1 5 | 0.08740. 0091._....._.____. a eT 
2 17 -16 + .015 | 0.024+0.005 | 36.3 i149 0. 1440. 03 
3 18 - 141+ .007 .080+ .010 6.6 +1.0 574 .07 
4 18 . 112+ .002 - 123+ . 008 285+ .086) 1.10+ .08 























! Standard error of the mean. 


Eighteen hours after injection, 11 to 16 percent of the I in the thyroid 
gland of these mice is in the thyroxine fraction. Interestingly enough, the 
fraction is lower for the mice with tumor 4 than for the mice with the other 
two tumors, thus giving additional evidence for depressed activity of the 
thyroid glands in animals carrying this more active tumor. Similar data 
on fractionated tumors have been obtained only for the three most active 
tumors, 2,3, and 4, where values for the fraction of ™ content in thyroxine 
vary from 2.4 to 12 percent. Ratio of the fraction of I™ in thyroxine of 
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the tumor to that of the thyroid varies from 0.14 to 1.1. The ability of 
tumor 4 to convert picked-up iodide into thyroxine appears to be as good 
as that of the thyroid in the same animal. 

Influence of tumor function on the host.—It is interesting to determine 
the influence of the tumor on available thyroxine stores in the host mouse. 
Even though the tumor concentrates less iodine per unit of weight than 
does the thyroid gland, the tumor may form the major stores and serve 
as the chief potential source of thyroxine in the animal, since tumors can 
be considerably larger than the thyroid gland in the same mouse. Exami- 
nation of the I activity in the thyroxine fractions of thyroid gland and 
tumor shows that the ratio of the I in the thyroxine of the thyroid gland 
to that of the tumor varies from 36 to 0.29 for the various tumor strains; 
this suggests that the tumor might be the source of from 2.5 to 79 percent 
of the thyroxine in these animals. However, only in the case of tumor 4 
is the tumor responsible for more than 14 percent of the thyroxine I™. 
Hence, one might expect that only tumor 4 will have a marked depressant 
effect on thyroid function. In confirmation of this expectation one finds 
that thyroid glands in hosts carrying tumor 4 are only half the size of those 
of hosts carrying less active tumor 3, even though treatment of the tumor 
3 and 4 hosts had been duplicated (in the time during which thiouracil 
was administered and the time without thiouracil prior to I™ injection). 


DISCUSSION 


A comparison of several characteristics of each tumor line is presented 
in table 5. Data are included on growth rate of tumors under thiouracil 
stimulation (measured in days required to grow to acceptable size), on 
whether or not the tumor will grow independently of thiouracil administra- 
tion, and on histologic features of tumor sections. This information is 
compared with data on the I" concentrating power and the amount of P™ 
incorporated in the thyroxine fraction of the tumors (relative to the thy- 
roid gland of the host). No comparison is made between the activity of 
tumor tissue and that of the thyroid glands in tumor-free mice, since a 
much better standard of comparison is the host’s own thyroid. It is clear 
that all data correlate well as indicated by the fact that the fastest growing, 
and most independent, tumor 1 concentrates I'* the least, while those that 
grow more slowly and are more dependent on thiouracil for growth, have 
greater functional activity. Tumor 4, which still required thiouracil to 
grow, might be considered neoplastic, since it grows faster than the thyroid 
gland of its hosts, and since it shows impaired ability to concentrate iodide 
as in the case of the more independent strains of tumors. 

There can be little question that the four tumors studied are functionally 
different, covering the range from practically no ability to concentrate 
iodide to ability to concentrate iodide and convert it to thyroxine almost 
as well as a hyperplastic thyroid gland. The quantitative significance 
of some of the details discussed are uncertain, mainly because data have 
been collected at only a single time interval for each tumor strain. It is 


960071—51——-3 
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TaBLE 5.—Characteristics of tumors of the thyroid gland in C3H mice 














Growth | I con- Percent I 11 
Time a | centrating ene’ up — 
‘Tumor thiou- on) of Histology * | re ative te Pann gen oh ol 
racil! thiou- thyroid to thyroid 
racil | gland gland 
_ SRRSEPYOSe. 57 Yes | Adenocarcinoma;’ long tubules;no | 1/1300 |_..__._------ 
colloid. 
. ewe 86 | Yes | Adenomatous, colloid in tissue 1/164 0. 14 
space. | 
ea 98 Yes | Adenocarcinoma;‘ many follicles, 1/10.3 . 57 
variable size; light-staining col- | 
loid. 
Dicicicavacinn 98 No | Adenoma; numerous small follicles_| 1/2.16 3.3 














! Time on thiouracil: Time in days required for most of the tumors to grow to an estimated weight of 100 mg. 
while hosts were being fed a diet containing thiouracil. 
3 The histologic characteristics described here are those of the immediate parent tumors from which the present 
ee were derived. The histologic evaluation was kindly given by Dr. A. J. Dalton of the National Cancer 
titute. 


+ Invasion of muscle. 

* Metastasis to lung. 
not known whether pickup-time curves for tumor and thyroid gland are 
parallel, or whether the time dependence of the percent conversion of 
concentrated iodide to thyroxine differs for the thyroid gland and tumor 
tissue. If the time dependence is different, the quantitative comparisons 
of function may have to be modified to some extent. 

One surprising fact is that the range of concentrating power for I in 
different tumor strains is as large as a factor of 60 in a situation where 
the corresponding range for conversion of I" to thyroxine is less than a 
factor of 7. Insome unpublished work on the thyroid glands of the normal 
rat, such a partial uncoupling of iodide concentrating power and rate of 
incorporation into thyroxine has not been observed. Further work will 
have to be done to determine if a real difference exists in the rate of loss 
of ability to concentrate iodide and loss of ability to convert picked up 
iodide to thyroxine as thyroid tissue becomes malignant, or if this ob- 
servation is strongly dependent upon the specific conditions of this par- 
ticular experiment (duration of treatment with thiouracil, or tumor size). 

Neither thyroid gland nor tumor is normal in these animals, because of 
the thiouracil action. The thyroid glands are intermediate in size be- 
tween those of normal thyroid glands and thyroid glands in mice given 
thiouracil for several months. Mice given thiouracil for 3 months in a 
comparable dosage have thyroid glands that are approximately 30 mg. 
in weight as compared with 2 mg. for thyroid glands in normal mice (J0). 
There has obviously been a partial trend toward normal thyroid weight 
in the tumor-bearing mice. Mice bearing tumor 4 have very small thy- 
roid glands. It is not known whether they were small while thiouracil 
was administered, or whether they had lost weight after removal of 
thiouracil more rapidly than thyroid glands in hosts with less active 
thyroid tumors. 
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SUMMARY 


Four lines of thyroid tumors have been tested for their ability to func- 


tion 


as thyroid tissue. Each tumor line differs significantly from the 


others in its ability to concentrate iodide and to incorporate iodide into 
thyroxine. This variation in ability to concentrate iodide extends all the 


way 


from being essentially nonfunctional to ability to concentrate ap- 


proximately half as well as the thyroid gland in the same host. The most 
active tumor line depresses the normal activity of the host thyroid gland. 


The authors wish to thank Miss Ann L. Dayton for technical assistance. 
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THE INTRACELLULAR DISTRIBUTION 
OF CATHEPSIN, BENZOYLARGININE 
AMIDASE AND LEUCINE AMIDASE AC- 
TIVITIES IN NORMAL RAT TISSUES AND 
PRIMARY RAT HEPATOMA* 


Mary E. MAVER and ANTOINETTE E. GRECO, 
National Cancer Institute,? Bethesda, Md. 


INTRODUCTION 


Recent interest in intracellular protein metabolism has been directed to 
the enzymatic activities of the particulate fractions of tissue homogenates. 
The presence of catheptic and peptidase activities in the sedimentable frac- 
tions was first reported by Brachet and Jeener (7). Borsook and co- 
workers (2) have measured the incorporation rate of C-labeled amino 
acids by the component fractions of guinea-pig liver homogenates. Re- 
cently Kielley and Schneider (3) have shown that the mitochondria of 
mouse liver cells possessed practically all of the ability to synthesize para- 
aminohippuric acid that was present in the homogenate. A comparison 
of the distribution and specific lytic activities of proteolytic enzymes in 
the cellular components of normal and neoplastic tissues might disclose 
changes involved when a cell becomes neoplastic, and also might indicate 
practical means for the separation and purification of the enzymes. Such 
a study of the distribution of catheptic, benzoylarginine amidase, and 
leucine amidase activities in the cellular fractions of homogenates of rat 
liver, spleen, kidney, and primary hepatoma is reported here. 


MATERIALS AND METHODS 


Fresh tissues were taken from well-nourished male and female rats, 
of the Sprague-Dawley and Buffalo strains that weighed from 230 to 280 
grams. Rats bearing primary hepatomas induced by feeding p-dimethy]l- 
aminoazobenzene were furnished by Dr. Julius White. The hepatomas 
used in these experiments appeared on gross examination as well-defined 
whitish nodules. Histologic study showed that, although there was the 
usual variation in morphology found in liver tumors induced by this 


1 Received for publication March 27, 1951. 
2? National Institutes of Health, Public Health Service, Federal Security Agency. 
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carcinogen, all of the sections showed areas of neoplastic tissue of liver- 
cell origin. 

The method of Schneider and Hogeboom (4) was used, with minor 
modifications, to separate the fractions of the tissue homogenates by dif- 
ferential centrifugation. The homogenates were made by means of a 
glass homogenizer in 1:5 or 1:10 dilutions with ice-cold isotonic (0.25 
M) sucrose, which was used throughout in washing and in subsequent dilu- 
tions of the fractions. The microsome fractions were sedimented in a 
Spino type L centrifuge at 39,000 r. p. m. (106,000 X g) for 1 hour, instead 
of the two sedimentations described by Schneider and Hogeboom. 

The three sedimentable fractions containing the nuclei, mitochondria, 
or large granules, and the fraction containing the microsomes were ex- 
amined with the phase-contrast microscope. While none of these frac- 
tions were entirely pure, they represented a high concentration of each 
component. The nuclear fractions of the tissues contained practically all 
of the nuclei, but these fractions were contaminated with mitochondria 
and a few unbroken cells. The mitochondrial fractions were the most 
homogeneous. The fraction containing the microsomes appeared as clear, 
red, gelatinous pellets after 1-hour centrifugation at 106,000Xg. This 
fraction was contaminated with a few mitochondria. The supernatant of 
this fraction was clear and contained no microscopically visible particles. 


ASSAYS OF ENZYMATIC ACTIVITIES 


The hydrolysis of hemoglobin.—The activities were determined on the 
homogenates and four fractions: 1) the nuclear fraction, 2) the mito- 
chondrial fraction, 3) the fraction containing the microsomes; and 4) 
the final supernatant. The catheptic proteinase activity of the fractions 
was determined by the Anson technique (5). In this method the tyrosine 
liberated from hemoglobin after 10 minutes’ hydrolysis at pH 3.5 was 
determined colorimetrically. The specific activity of each fraction was 
obtained by dividing the mg. of tyrosine liberated by the mg. of nitrogen 
in a ml. of the fractions. The percent activities of the fractions were cal- 
culated, taking the total activity of the homogenates as 100 percent. 

The hydrolysis of benzoylarginine amide and leucine amide—The 
hydrolysis of BAA was followed by the method of Greenstein and Leu- 
thardt (6,7). Each 4 ml. of digest contained 2 ml. of buffer, 1 ml. of 
0.04 M benzoyl t-arginine amide hydrochloride, monohydrate, (BAA), 
and 1 ml. of homogenate or dilution of tissue fraction. The method of 
Errera and Greenstein (8) was used to determine the hydrolysis of 
t-leucine amide. Each 4 ml. of digest contained 2 ml. of buffer, 1 ml. of 
0.04 M 1-leucine amide hydrochloride (LA), and 1 ml. of homogenate or 
suspension of a tissue fraction. In order that the 0.04 M leucine amide 
would provide adequate substrate it was necessary, especially when alkaline 
buffers were used in the digests, to dilute the 1:10 homogenates and the 
mitochondrial and supernatant fractions from 50 to 100 times. 
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When used as an activator, neutralized solutions of cysteine hydro- 
chloride were added to make a final concentration in the digest of 0.0 
molar. Manganous chloride was added in the leucine amide solution in 
amounts that made a final concentration of 0.002 molar. ae 

After the digests with both amide substrates and the control digests 
without substrate were incubated for 2 hours at 39° C., 1 ml. of saturated 
potassium carbonate and a few drops of caprylic alcohol were added. The ~ - 
liberated ammonia was trapped in dilute sulfuric acid by aeration for 45 © 
minutes. The caprylic alcohol was removed by boiling, and the nitrogen 
was determined by direct nesslerization, using an Amico photoelectric *~ 
colorimeter. 

The effect of hydrogen-ion concentration upon the benzoylarginine 
amidase and leucine amidase activities was studied. Tenth molar citrate 
buffers were used for the acid pH’s through uH 4.5; veronal buffers 
(0.14 M) from pH 5.0 to pH 8.0 and 0.10 M glycine buffers from pH 8.0 
to pH 11.4. The hydrogen-ion concentrations of the digests were deter- 
mined before incubation, using glass electrodes. 

The hydrolysis of these substrates by the 1:5 or 1:10 homogenates was. 
often considerably less than the sum of the hydrolyses by the fractions of 
the homogenates. The percent of the total hydrolysis was, therefore, 
calculated by using the sum of the hydrolyses by the fractions as 100; 
percent. 

The distribution of the nitrogen of the homogenates was determined 
by analyzing an aliquot of each fraction for nitrogen by the micro-Kjeldahl 
technique. 


*n, a i) 


RESULTS AND DISCUSSION 


The catheptic hydrolysis of hemoglobin.—The results of the hydrolysis 
of hemoglobin are given in table 1. The same relative activities of the 
homogenates were shown previously (9, 10) when tissue extracts and 
cathepsin preparations from rat hepatoma hydrolyzed hemoglobin more 
actively than the corresponding liver preparations. While the percent 
distribution of this catheptic activity varied with the fractions of the tissue 
homogenates, the highest specific activity was found in the mitochondrial 
fractions of all the tissues. The richest sources of liver and kidney cathep- 
sins were the mitochondria, since they contained 45 and 48 percent, respec- 
tively, of the total activity of the homogenates as well as the highest 
activity per mg. N. In contrast to the normal rat liver and kidney, the 
supernatant fractions of the hepatoma and spleen homogenates had the 
highest percent of total activity. 

There was considerable catheptic activity in the nuclear fractions of the 
liver, spleen, and kidney. It is possible that this activity was caused by 
the mitochondria, which were sedimented with the nuclei in this method of 
fractionation. Lang and co-workers (1/) reported that cathpsin was 
present in nuclei separated from calf- and hog-kidney tissue by a new and. 
as yet, unpublished method. 
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TaBLe 1.—The hydrolysis of hemoglobin by tissue fractions 




















-—~% | Nuclei | Mitochondria Supernatant Microsomes 
retie- |! percent | Aste || percant | Acte- || rereant | Acti || rerent | Aste 
ity/N | ity/N | | ity/N 1] | ity/N | | ity/N 
| ' ' ' | 
RAT LIVER 





Pee ee 
0. 033 | 31. 2 | 0. 052 | 45. 6 | 0. 0874 7.5 | 0.0089 || 16.1 | 0.038 
| 1| | 


PRIMARY RAT HEPATOMA 








0.120 || 16.0 | 0.120 | 18.7 | 0.237 || 61.4 | 0.113 1.8 | 0. 069 





RAT SPLEEN 





0. 095 26.4 | 0. 065 16. 9 0.301 || 40.9 | 0. 107 | 15. 6 | 0. 094 
I | I | 


RAT KIDNEY 








0. 140 25. 9 | 0. 148 || 48.0 | 0.218 8.10 | 0.025 17.0 | 
I i} | 
The activity/N represents the mg. of tyrosine liberated in 10 minutes from 5 ml. of 2.5 percent hemoglobin per 


mg. of nitrogen in the diluted tissue fraction. The percent of the total activity of the homogenates found in the 
fractions is given. The average results of four or more experiments are reported 


0. 099 











The relative fragility of the mitochondria of some tissues limits the 
possibility of ascribing in situ locations of enzymatic activity of the tissue 
fractions obtained by differential centrifugation. Dalton et al. (12) have 
found by electron-microscope studies that “the mitochondria of many 
tumor cell types are more slender, tenuous and fragile than those of 
(mouse) liver cells.” Only when the specific activity is much higher than 
that of the homogenate, and a high percent of the total activity is present, 
can the enzymatic activity be definitely located in a sedimented fraction. 
These studies indicate that the mitochondria of the liver and kidney contain 
most of the catheptic proteinase. The higher percent of this activity in 
the supernatant fraction of the hepatoma homogenates may have come 
from the more fragile mitochondria of the hepatomas. 

It should be recognized in these comparisons of the activities of the 
fractions that more than one cell type was present in each tissue. The 
cell populations in the spleen and kidney were more varied than in the liver, 
and there were many erythrocytes in the spleens and primary hepatomas. 

Schneider (73) and Hogeboom, Claude, and Hotchkiss (/4) found 
most of the succinic dehydrogenase and cytochrome oxidase activity in 
rat-liver mitochondria. Schneider reported that 50 percent of the total 
adenosinetriphosphatase activity was in the rat-liver mitochondria. The 
association of the catheptic proteinase with these rich energy-yielding 
enzyme systems in the mitochondria is of interest in view of the possible 
role of cathepsins in protein synthesis. 

The hydrolysis of benzoylarginine amide.—Curves of the specific 
activity at different hydrogen-ion concentrations showed that BAA was 



























INTRACELLULAR CATHEPSIN ETC. IN HEPATOMA 








| l | i | | | 


N 


31% 


2.5 


MIGROMOLES BAA HYDROLYZED / MG. 














30 40 50 60 70 80 90 
pH 


TExT-FIGURE 1.—The hydrolysis of BAA by rat liver homogenates, and diluted mito- 
chondria and supernatant fractions. The average results of five experiments at 
each pH designated are given. In calculating the percent of the total activity 
given by a fraction the sum of the activities of all the fractions was used as 


100 percent. Ac—eAe—e A=homogenates; o—o=mitochondria; e—e—e=super- 
natant. 


hydrolyzed by some tissue homogenates at two pH optima (text-figs. 
land2). AtpH 6.2 the mitochondrial fraction of normal rat liver hydro- 
lyzed more than half of the total BAA hydrolyzed by all the fractions, 
and with a specific activity six times that of the original, 1: 5, homogenate. 
In contrast, the mitochondria of the hepatoma contained an amidase 
activity with an optimum at pH 5.0, which hydrolyzed over 40 percent of 
the BAA hydrolyzed by all of the fractions. The specific activity of 
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this mitochondrial fraction was about five times that of the original, 1: 5, 
homogenate. At pH 6.2 the supernatant fraction of the hepatoma homo- 
genates had 80 percent of the total activity of the fractions and three times 
the specific activity of the homogenates. 

The spleen homogenates hydrolyzed the BAA actively at pH 6.2 but 
there was no second optimum in the more acid range (text-fig. 3). The 
supernatants had only a slightly higher specific activity at the optimum 
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TEeExtT-FIGURE 2.—The hydrolysis of BAA by primary rat hepatoma homogenates and 
diluted mitochondria and supernatant fractions. The average results of three 
experiments at each pH designated are given. In calculating the percent of the 
total activity given by a fraction the sum of the activities of all of the fractions 
was used as 100 percent. Ae—eAe—eA=homogenate; o—o—o=mitochondria; 
o—e—e=supernatant. 
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TextT-FIGuRE 3.—The hydrolysis of BAA by rat spleen homogenates and diluted mito- 
chondria and supernatant fractions. The average results of four experiments at 
each pH designated are given. In calculating the percent of the total activity 
given by a fraction the sum of the activities of all of the fractions was used as 
100 percent. Ae—e—eA=homogenate; o—o—o=mitochondria; e 
supernatant. 








and over 73 percent of activity of the homogenate. The splenic mito- 
chondria had a lower specific activity and carried only 11 to 12 percent 
of the activity of the homogenates—which corresponded to their low per- 
cent of the total N. There was evidence of two pH optima, at pH 6.5 
and pH 5.0, with the mitochondrial fractions. 

Seven experiments in which pooled kidney homogenates from the 
Sprague-Dawley strain of rats were fractionated gave variable results 
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with BAA as the substrate. These homogenates and fractions contained 
considerably less benzoylarginine amidase activity than the corresponding 
liver, spleen, or hepatoma fractions. There were indications of two or 
more pH optima in the digests containing the mitochondria and 
supernatant fractions, but these pH optima varied with the different 
homogenates. 

Fruton and Bergmann (/5) found that their cathepsin preparation 
from beef spleen hydrolyzed BAA at an optimum of pH 4.7. The possi- 
bility that two intracellular enzyme systems hydrolyzed BAA was sug- 
gested by Greenstein and Leuthardt (6,7) when their aqueous extracts of 
rat liver and hepatoma hydrolyzed this substrate at a pH optimum of 6.2. 
The different methods used by these investigators to obtain their enzyme 
preparations might account for the different pH optima. Preliminary 
experiments revealed that when frozen calf liver was homogenized prac- 
tically all of these enzymatic activities were found in the supernatant 
fractions. 

The hydrolysis of L-leucine amide.—In 1929 Linderstrom-Lang (16, 17) 
separated from erepsin a distinct leucyl peptidase that hydrolyzed leucyl 
peptides at an alkaline pH. Berger and Johnson (/8) found that this 
enzyme was greatly activated by Mn** and Mg**. Later Smith and Berg- 
mann (19) reported that LA was hydrolyzed by this leucyl peptidase. 
LA has also been used as a substrate by Fruton, Irving, and Bergmann 
(20, 21) for cathepsin preparations from beef spleen, beef kidney, and 
swine kidney at pH 5.2. 

In our studies with the tissue homogenates most of the leucyl peptidase 
activity was found in the final supernatant fractions (table 2). The 
liver supernatants were particularly active, showing an eightfold con- 
centration of the specific activity over that of the original homogenates 
when activated by Mn* at pH 9.4. This increase of specific leucine 
amidase activity was observed on separating the nuclear fraction by cen- 
trifugation and may be caused in part by the removal of inactive nitrogen 
containing components of the nuclear fraction, and in part by the removal 
of inhibitors. Recombinaation of the nuclear fraction with the super- 
natants caused an inhibition of leucine amidase activity which was roughly 
proportional to the amount of nuclear material added. 

Only in the rat-spleen mitochondria was the specific activity higher 
than that of the supernatant fractions. In an effort to determine whether 
the catheptic type of leucine amidase activity could be distinguished by 
localization in the mitochondria of liver tissue, where most of the cathep- 
tic proteinase was found, the LA was hydrolyzed at acid as well as basic 
hydrogen-ion concentrations (table 3). At pH 4.2 and 5.5, without added 
activator, the specific activities and percent concentrations of the mito- 
chondrial fractions were higher than those of the supernatants. The 
degree of this activity in the acid range was equal to or greater than that 
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TABLE 2.—The hydrolysis of L-leucine amide, HCl at pH 9.4 by fractions of the tissue 
homogenates with 0.002 M Mn** 
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| |} | 
Homogenate || Nuclei 1| Mitochondria Supernatant i Microsomes 
a ee — = —_- | —_- 
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RAT LIVER 


| | 


81.4 3. 6 53.8 || 15.6 | 152.8 || 73. 9 | 662. 8 || 11. 10 93. 3 
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PRIMARY RAT HEPATOMA 


| 22. 9 || 7. 96 | 65.7 || 79.6 | 148.5 | 5.8 | 38.6 


| | 














52.0 | 14.2 '| 17.1 || 17.6| 125.0], 629| 1022] 51 | 422 


| | a nd | 





RAT KIDNEY 





48.7 || 62 | 26.4 || 19.4 | 76.6 69.1 | 165.0 


j | 
| | 


or 


2 | 20.7 











The activity/N is expressed in micromoles of LA hydrolyzed in 2 hours per mg. of nitrogen in the diluted tissue 
fraction. In calculating the percent of the total activity given by a fraction, the sum of the activities of all the 
fractions was used as 100 percent. The average results of three or more experiments are reported. 
shown by the same liver fractions on BAA. In the higher pH range the 
marked activating effect of the Mn** was demonstrated in the supernatant 
fractions, and to a considerable extent in the mitochondria. 

Both the supernatant and the mitochondrial fractions of the liver gave 
positive nitroprusside tests for "SH groups, and the addition of cysteine 
caused very slight increases in the specific activities of these fractions 
(table 3). It is difficult to acount for the definite inhibition of activity 
by cysteine found at pH 9.4 and 10.5. A similar partial inactivation of 
intestinal leucyl peptidase was reported by Smith and Bergmann (19), 
when cysteine was added before the Mn**. 

The relation of enzyme activities to the nitrogen content of the frac- 
tions.—The percent distribution of nitrogen in the fractions of the tissue 
homogenates is shown in table 4. The higher nitrogen content of the 
mitochondria of the liver and kidney may be related to the higher percent 
of catheptic proteinase activity or it may be a reflection of the relatively 
larger size of the mitochondria in these tissues. The constant distribution 
of the nitrogen in the supernatant fractions of these tissues was like the 
constant percent distribution of the leucyl peptidase activity—but unlike 
the distribution of the catheptic proteinase and benzoylarginine amidase 
activities. 

The authors are grateful to Dr. Thelma Dunn for the histologic ex- 
amination of the hepatomas. 
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TABLE 4.—The distribution of nitrogen in the fractions of the tissue homogenates 
































“amples | ‘enter | Nuclei | ar * “al osemtet| Microsomes 
l ! | 
q RATLIVER  —C—— 
Mg. | Percent Percent Percent | Percent 
10 | 289 22. 09 | 21. 26 38.62 | 18.16 
| ! | i 
ss PRIMARY RAT HEPATOMA 
5 2.44 | 30.24 | 11.83 37. 93 | 14. 84 
pernnene RATSPLEEN  }2)2———— 
5 | 228 | 44.5 7.98 | 37.9 9. 00 
: : granny a 
5 | 3. 07 | 22.9 | 21. 33 35.0 | 20.5 








The percent of the total nitrogen of the homogenate found in each fraction is reported. 


SUMMARY 


The intracellular distribution of catheptic proteinase activity was 
studied in fractions of rat liver, primary hepatoma, spleen, and kidney 
homogenates which were separated by differential centrifugation. The 
mitochondria contained the highest specific activity in all the homogenates 
as well as the highest percent of the total activity in the liver and kidney 
homogenates. 

With benzoylarginine amide as substrate the homogenates of the liver 
znd hepatoma showed more than one pH optimum. The mitochondria 
of normal liver had the highest specific activity at pH 6.2, while the same 
fraction of the hepatoma homogenates had a much higher specific activity 
at pH 5.0. The highest specific activity was found in the spleen 
supernatants at pH 6.2. 

The final supernatant fraction of all the tissue homogenates contained 
most of the leucyl peptidase activity that hydrolyzed leucine amide at a 
pH optimum of 9.4 with Mn* as activator. At an acid pH there was 
evidence that the mitochondria of liver contained more of a catheptic type 
of leucine amidase activity than the supernatants. 
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STUDIES OF VARIOUS TESTS FOR MA- 
LIGNANT NEOPLASTIC DISEASES. VI. 
TESTS FOR THE LEAST COAGULABLE 
SERUM PROTEIN AND THE IODOACE- 
TATE INDEX’ 


Lester D. ELLERBROOK, E. CoLTON MEEK, and StTuarr W. 
Lippincott, Clinical Trials Unit, Cancer Control Branch, 
National Cancer Institute, Bethesda, Md. and Depart- 
ment of Pathology, School of Medicine, University of 
Washington, Seattle, Wash. 


INTRODUCTION 


In our program of evaluation of published diagnostic tests for cancer 
we are searching for a test or group of tests that may be of use in one 
of the following ways: 1) for the diagnosis of cancer or of certain types 
of malignant neoplastic disease, 2) for case finding in surveys of large 
population groups, and 3) for the elucidation of chemical or physical 
changes occurring in cancer that may be of aid in the development of a 
successful test. Recently Huggins and his co-workers (1, 2, 3) have de- 
scribed two tests that appeared to warrant further study because, although 
they were not specific “cancer tests,” they appeared to be suitable for 
screening purposes because of the high percentage of positive results re- 
ported in cases of cancer. Furthermore, since they were essentially tests 
for abnormalities of serum proteins, it was considered possible that a study 
of these reactions might afford an opportunity to explain the mechanism 
of other proposed tests and, perhaps, to improve them. 

The specificity of these tests has been studied by applying them to the 
sera of normal individuals, of patients with malignant neoplastic disease, 
of patients with benign neoplastic disease, and of patients with miscel- 
laneous nonneoplastic disease. The sensitivity of these tests and their 
usefulness as screening tests for the detection of early cancer have been 
assayed (4). The correlation of the protein abnormalities measured by 
these tests with the results obtained in other types of tests has been studied 
by performing a number of different tests upon each specimen of blood 
(these results will be reported at a later date). In addition, studies have 
been made of a number of factors involved in the performance of the 
tests and in the interpretation of the results obtained. 


1 Received for publication March 28, 1951. 
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The two tests proposed by Huggins et a/. were designed as measures of 
the defective thermal coagulation of the serum proteins that is frequently 
found in cancer. They stated (7), “the simple determination of the 
lowest concentration of proteins which can coagulate provides useful 
information in recognition of the presence of cancer in man.” The lowest- 
coagulable-protein concentration was determined as follows: Into each of 
8 test tubes (10 x 75 mm.) was placed 0.15, 0.18, 0.20, 0.23 . . . 0.83 ml. 
of serum, and the volumes were made up to 1 ml. with M/15 phosphate 
buffer of pH 7.4. The contents were mixed and the tubes placed in boil- 
ing water for 30 minutes. Each tube was inverted without shaking, and 
if the contents did not “pour,” they were considered to be coagulated. 
The lowest percentage of serum that coagulated was the end point, and 
this percentage multiplied by the percentage of protein in the serum then 
gave the least coagulable protein (LCP) concentration of the serum. The 
sera from 84 normal individuals coagulated at protein levels of 1.147 to 
1.476 percent, with a mean value of 1.320 percent. The sera of 92 percent 
of 83 cases of cancer and 21 percent of 101 cases of nonmalignant diseases 
showed LCP concentrations of 1.5 or more (table 1). 

The determination of the iodoacetate index (II), an expression relating 
the inhibition of clotting by iodoacetate to the concentration of serum 
protein, was the other test used to measure the coagulative defects of the 
serum proteins. This index was determined as follows: Into each of 10 test 
tubes (10 x 75 mm.) was placed 0.25 ml. of serum and 0.12 ml. of 3 M sodium 
chloride. Increasing amounts (0.15, 0.18, 0.20 . . . 0.38 ml.) of 0.06 M 
iodoacetic acid buffered to pH 7.4 were added to successive tubes and the 
volumes were made up to 0.75 ml. with the phosphate buffer. Thus the 
series consisted of a stepwise titration of 0.25 ml. of serum in 1:3 dilution 
against 9 to 22.8 micromoles of iodoacetate. The contents of the tubes were 
mixed and the tubes were placed in boiling water for 30 minutes. Each 
tube was then inverted and shaken “very gently several times” to disrupt 
any surface coagulation at the air-water interface. The serum was con- 
sidered to be coagulated when it “is thoroughly solid and will not pour.” 
The end point was the largest amount of iodoacetate, expressed in micro- 
moles, in which the serum coagulated. The iodoacetate index was the 
micromoles of iodoacetate at the end point per milliliter of serum divided 
by the percentage of serum total protein or of serum albumin. “Relating 
the iodoacetate index to the total protein content of serum gave the most 
useful information.” The protein iodoacetate indices of the sera of 100 
normal individuals ranged from 9.20 to 12.60, with a mean of 10.81. Of 
the 88 cases of cancer (range 5.0-9.96), 96.6 percent gave values of less 
than 9.00, while 16.8 percent of 95 cases of nonmalignant pathology (range 
5.24-13.00) gave values of less than 9.00. 

A statistical summary of the results obtained with these tests gives the 
data in (their Table 2) terms of the size of each group tested, ranges of 
values, median and mean values, and standard deviations. Unfortunately 
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the table appears to contain several gross errors. For example, the stand- 
ard deviations given for the protein and albumin iodoacetate-index values 
for the cancer group are approximately twice the values calculated from 
the other data presented.” 

In a later paper (2), Huggins stated that determination of the serum 
least-coagulable-protein concentration is a simple but rough screen for 
cancer, but that the defective coagulative ability of cancer serum can be 
demonstrated in a “more refined manner” by determination of the iodoace- 
tate index. All of 85 consecutive cases of cancer fell in a group with a 
serum-protein iodoacetate index of less than 9. 

In a paper (3) on the binding of phenolsulfonephthalein by serum albu- 
min Huggins e¢ al., reported that the serum of 45 percent of 123 cancer 
patients (mostly advanced cases) bound less dye per gram of serum 
albumin than did 99 percent of the 156 normal sera. They noted a certain 
parallelism between the decreased binding of PSP and the lowering of the 
iodoacetate index in cancer. Rapid, marked lowerings of both values were 
noted in many patients within 8 hours after surgical operations. Because 
of these rapid changes and because of the fact that the normal and “cancer” 
serum albumins isolated by the cold ethanol fractionation method of Cohn 
et al. did not appear to differ with respect to these two tests, it was sug- 
gested that the change in the albumin molecule was superficial rather than 
intrinsic. 

Huggins e¢ al. have made several modifications of the original technique 
used in reading the end points in their thermal coagulation tests. In the 
first modification (5) made in order to avoid the necessity for “gently” 
shaking the inverted heated iodoacetate index tubes, tests were set up 
in 7 tubes (13100 mm.). A snugly-fitting loop of No: 8 piano wire 
was thrust to the bottom of each heated tube and withdrawn. The tubes 
were then inverted to a 45° angle without shaking. “If the contents flow 
down the tube as a liquid or a shapeless viscous mass the tube is read as 
liquid. If the contents remain in the end of the tube or, as happens in 
a few instances, slide down the tube as a well-defined mass, the tube is 
read as solid.” This procedure was found to yield results “identical with 
the earlier method” and the end point was sharper and less subjective. 
The concentrations of sodium chloride and of buffer used in this modifica- 
tion differed somewhat from those originally used. The tests were per- 
formed in double the volume usually used and in larger test tubes. In 
the original 10-tube test the range of iodoacetate additions was from 9 to 
22.8 micromoles for 0.25 ml. of serum and the steps between successive 
tubes were 1.8; 1.2; 1.8; 1.2, etc. micromoles of iodoacetate. In the modified 
7-tube test the range was from 18 to 39 micromoles per 0.5 ml. of serum in 
steps of 3; 1.5; 1.5 . . . 1.5 micromoles per 0.25 ml. of serum. Just how 
identical results could be obtained by the 2 methods when different amounts 
of iodoacetate were used in some tubes is not clear. How results falling 
outside this narrower range were reported is also not explained. 





2 Computations by Mr. S. Greenhouse, Biometrics Section, National Cancer Institute. 
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In their latest LCP procedure (6) the difference in the amount of 
serum contained in successive tubes was reduced to 0.10 ml., and the least 
coagulable percentage of serum was determined by performing the tests 
in a series of 13 100-mm. tubes, cooling the heated tubes in cold tap 
water for 5 minutes, loosening the coagulum from the sides of the tube 
with the wire loop, and gently sliding the tube contents onto a standardized 
wire screen. “If the heated serum remains on the screen for one minute 
without an appreciable quantity dropping therefrom, the serum is defined 
as clotted; otherwise it is liquid.” By the use of this method each of 
four workers independently testing five serum samples obtained identical 
values in each case. It was stated that differences of 1 percent in serum 
concentration were readily detected. Because of its simplicity and 
reproducibility “as well as from certain theoretic considerations” the 
determination of the least coagulable serum concentration was said to 
afford advantages over the iodoacetate index. 

By use of this modified technique the following results were obtained : 
the least-coagulable-protein concentrations of the sera of 107 healthy 
persons ranged from 1.06 to 1.38 gm. per 100 ml. (The range given in 
their first paper was 1.147 to 1.476.) Values exceeding 1.38 were then 
considered to be abnormal. Abnormal] values were observed in 85 percent 
of the sera of 113 persons with untreated malignant disease encountered 
consecutively (range 1.17-2.47). Most of these patients had early or 
moderately advanced cancer, and none were in the terminal stage of the 
disease. Abnormal values were obtained with the sera of 34 percent of 
133 patients with diseases other than cancer and in 59 percent of 91 cases 
of pregnancy. It was concluded that changes in the serum albumin 
“detectable by thermal coagulation” are not specific for cancer, but that 
detection of altered serum coagulation may be regarded as a screening 
device for the detection of abnormal protein metabolism. The thermal 
coagulation tests were considered to be of great aid in the detection of 
serious disease in clinical cases and, when properly interpreted, to be of 
value in both clinical diagnosis and prognosis. 

Cliffton (7) was one of the first to report on the use of two Huggins’ 
tests. He used the original methods of reading the end points at first, 
and when he later used the “modified method” he noted “no significant 
differences in the results.” Repeat examinations in 20 percent of the 
cases showed good checks as far as positive or negative tests were con- 
cerned. The results were reported only as positive or negative and no 
limits of normal values were given. Presumably the limits given by 
Huggins were used. All diagnoses of cancer were confirmed by tissue 
section. He reported determining the least coagulable protein in 251 
cases and the iodoacetate index in 225 cases although data for 235 cases of 
the latter are shown. The percentages of abnormal values found for the 
iodoacetate index and the least coagulable protein tests and the respective 
numbers of cases tested were as follows: 

1. Cancer—83 percent (54 cases) and 78 percent (60 cases). 
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2. Treated cancer with no evidence of recurrence—45 percent (20) and 
45 percent (20). 

3. Acute infections—100 percent (4) and 83 percent (6). 

4, Pregnancy (17), tuberculosis (12), chronic infections (19), peptic 
ulcer (15), benign tumor (14 and 17), and all others (38)—54 to 92 and 
29 to 59 percent. 

5. “Patients” without apparent disease—24 percent [not 23 percent as 
indicated] (42 cases) and 9 percent (47 cases). 

The percentages of positive tests obtained in this last group cause one 
to question either the critical values used or the technique employed. 

In January 1950, Kiefer e¢ al. (8) reported the iodoacetate indices of 700 
normal individuals 17-56 years of age. The wire-loop method of May 
1949 (5) was used to detect the end point, and serum-protein concentra- 
tions were determined by a falling-drop method. The values obtained 
ranged from 9.3 to 13.7, with a mean of 11.27. Six individuals gave results 
in the 7.8-9.1 range but the results obtained with different specimens ob- 
tained from these individuals were “normal.” The authors concluded that 
the end point was quite reproducible, for in no instance of multiple deter- 
minations upon the same serum specimen did the results vary by more 
than one tube. 

Bodansky and McInnes (9) noted that the iodoacetate-index end point 
was subjective, that different workers shook the inverted tubes with differ- 
ent degrees of vigor, and that results obtained in duplicate tests sometimes 
differed by as much as 3-4 tubes. When the wire-loop technique (5) was 
used to eliminate differences in shaking, it was often difficult to tell whether 
the coagulum sliding down the tube was well defined or a shapeless viscous 
mass. As a result, they devised their own method of determining the end 
point. The surface film in the heated tube was detached by ringing the 
tube to a depth of 2-3 mm. with a 1-mm. stirring rod, the tube was inverted 
to a 40-60° angle and kept in this position for 5-10 seconds. If there was 
any flow, however viscous, down the sides of the tube the contents were 
considered to be not coagulated. In this way several observers could read 
the same tests independently. Thus, in 75 tests 2 observers agreed in 
78 percent, differed by 1 tube in 15 percent, by 2 tubes in 6 percent, and by 
3 tubes in 1 percent. This procedure was compared with the wire-loop 
technique in duplicate tests of 15 sera. The results were identical in 7 
cases but the wire-loop results were from 1 tube lower to 3 tubes higher 
in the other 8 cases. The mean difference of 0.6 tube was considered to 
be not significant. Since it was found that with some sera the end point 
was outside the 9-22.8 micromole range used in the original 10-tube method, 
the later part of the study was made by including tubes containing 3, 6, 
24.3, 27.0, and 28.8 micromoles. 

They presented all of their data as if only the original 10 tubes had 
been used, and sera coagulating in tube 10 (22.8 micromoles) were read 
as if this were the correct end point. The sera of 68 presumably healthy 
individuals (90 percent less than 40 years of age) gave iodoacetate-index 
values of approximately 9-14, with a mean of 12.19, and a standard devia- 
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tion of 0.81 (Huggins’ mean value was 10.81). The results obtained 
with 68 cases of nonmalignant disease and 137 cases of cancer (most 
diagnoses confirmed by histologic study—some cases treated with testo- 
sterone but none were postoperative) are summarized in table 2. Three 
additional tubes with amounts of iodoacetate greater than 22.8 micromoles 
were used in tests of 65 of the 68 normal sera. When the actual high end 
points exceeding 22.8 micromoles were included, the mean value for the 
whole group of normal sera was 13.61, with a standard deviation of 1.29. 
This true mean value was 2.8 greater than Huggins’ mean value. It ap- 
pears that the end points read by these workers were definitely different 
from those read by Huggins, but presumably the comparisons between 
normal and cancer sera by their technique would be valid. Only 36 of 
the cancer sera were tested by using the 3 higher amounts of iodoacetate, 
and 10 of these showed coagulation in these higher tubes. Even then the 
137 cancer values containing some that were definitely too low did not 
differ any more markedly from the “true” normal values. The percentages 
of values less than 9.9 and 10.9 were 1.6 and 4.6 for normal sera and 35 
and 48 for the “weighted” cancer sera. These authors also noted a de- 
crease in the iodoacetate index following surgery. In light of the non- 
specific nature of the test for cancer and the lack of sensitivity they 
concluded that the iodoacetate index was not a useful diagnostic test. 


TABLE 2.—(Bodansky et al. table 2) Summary of iodoacetate-index determinations 











Percent of cases having index of— 
Number 
of cases 
8.9 or less | 9.9 or less | 10.9 or less | 11.9 or less 
ene eet eS 68 0 1.5 4.4 45 
Noncancerous disease_____...--_-_-- 68 5.9 16 26 68 
Ra te eno ae aeeas 137 26 36 51 77 














Homburger et al. (10) reported on their use of both the original (old) 
iodoacetate method and the revised seven-tube wire-loop (new) method. 
The sera obtained from the fasting subjects were tested within 24 hours. 
The diagnoses of the operable and inoperable cases of cancer studied were 
confirmed by histologic methods. They stated that the old method was 
not reproducible, for readings made on the same specimen by different 
observers differed by as much as three tubes. The new method was 
found to be more reproducible, but in order to obtain “perfect” repro- 
ducibility it was desirable to have the same person read the tests. 

The data presented are rather difficult to evaluate because several tests 
were made on a number of patients, because of contradictions as to the 
numbers of tests and patients used, and because of the rather variable value 
used to separate positive and negative tests. Although the new method 
was said to give higher values, apparently approximately the same dividing 
line between normal and abnormal values was used in both methods. On 
page 16 it is stated that the old method was used to make 101 tests of 94 
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cancer patients while on page 24 93.15 percent of 102 patients are said to 
have given positive tests. On page 21, 6 of 94 cancer patients were said to 
give values of 8.9 or higher (false-negative tests). “Actually their table 3 
shows old-type tests on only 77 cancer patients. On page 16 it is stated 
that the old method was used in 108 tests of 108 patients of a group of 119 
patients with chronic disease. On page 22 it is stated that the old test 
was applied to 108 of 121 patients with chronic disease, and of these 75 
showed values of less than 9.0 (false-positive tests). Actually their table 
3 shows old-type tests on only 104 patients with chronic or miscellaneous 
diseases. Thirteen of 47 normal individuals gave values of less than 9.0. 

On page 16 it is stated that the new method was used in 51 tests of 43 
cancer patients, while on page 24, 51 patients are noted. Eleven of 
43 cases were said to give results of 8.8 or more (p. 21), while on page 
24 it is stated that 21.5 percent of cases of proved cancer gave false-negative 
test results (apparently 11 of 51). The new method was used in 30 tests 
of 29 patients with chronic disease (p. 16), 7 of 20 subjects gave false-posi- 
tive results (p. 22), and on page 24, 7 of 30 patients gave positive results 
(below 9.0). 

The actual values obtained in each test are listed in their tables 2 and 3. 
We have attempted to evaluate the data by using only the first result 
obtained by each method on each patient. The evaluation is made more 
difficult because values lower than that given by the lowest tube usually 
were listed as zero. The normal values obtained by the old method had a 
mean of 9.65, while the mean for the new method was 10.64. Two values 
(4 percent) fell below 7.8 for the old method and two values, or 4 percent, 
were below 9.8 for the new method. 

These “first” results shown in their tables 2 and 3 have been summarized 
in table 3, and also shown are the percentages of results below the lowest 
corresponding normal value, below the 4 percent-of-normal values men- 
tioned above, and below the values 8.8, 8.9, and 9.0 used by Homburger. 

Since the new method gave definitely higher values, and “exact dupli- 
cation of the technique of the originators was assured by the visit of one of 
us to the Chicago laboratories,” it is obvious that the technique used in the 
old method was faulty or that the two methods did not give identical 
results, and thet different critical points should have been used for the two 
methods. The summary shown in table 3 indicates that by both methods 
approximately 30-40 percent of chronically ill patients gave abnormal 
results, and that approximately 80-85 percent of the cancer patients gave 
abnormal values. 

As a result of their study the authors stated that “the method originally 
described is not reproducible and is useless because its end point is uncer- 
tain.” They considered the modified method to be more reproducible but 
less sensitive (incorrect limits of normal used). They concluded that “in 
its present form this procedure is useless and confusing as a diagnostic 
test for cancer.” 
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Pollak and Leonard (17) determined the iodoacetate index of the sera 
of 80 patients with proved malignant neoplastic disease and of 170 normal 
individuals or patients with miscellaneous diseases. Proteins were de- 
termined by the method of Greenberg, and the iodoacetate tests were read 
after heating for only 20 minutes. When values of less than 9.71 were 
considered to be abnormal, positive tests were obtained in 91 percent of 
the neoplastic cases and in 14 percent of the other group. The cor- 
responding percentages of values less than 9.01 were 83 and 7. Not all of 
the neoplastic cases were studied preoperatively. 

Gilligan, Rothwell, and Warren (72) used the “modified” 7-tube Hug- 
gins procedure for the determination of the iodoacetate index. In some 
cases the end points lay outside the 7-tube range, so that the ranges of 
values shown are not exactly correct. Thirty-eight normal individuals 
gave values ranging from 8.9 to approximately 12, with 2.6 percent being 
less than 9.0. Preoperative tests of 54 cancer patients and 107 patients 
with nonmalignant disease gave 72 and 42 percent positive tests, 
respectively. The least coagulable protein concentration was 1.50 per- 
cent or more in 5 percent of 19 normal individuals, 64 percent of 11 cancer 
patients, and 13 percent of 32 patients with miscellaneous diseases. Pro- 
nounced lowerings of the iodoacetate index were noted following surgical 
operations. The authors concluded that the iodoacetate index test does 
not constitute a useful tool for the diagnosis of the presence of cancer. 

Finnegan, Brockland, Muether, Hawk, Inkley, and Thoma (1/3) com- 
pared the results obtained with the two Huggins tests with the sedimen- 
tation rates and the results of the Weltmann reaction and the Bolen test. 
Apparently the original Huggins procedures were used although reference 
is made to a personal communication from the author. The limits of 
normal values given are those listed by the originators of the methods. 
The 12 normal individuals tested gave reactions that were normal by these 
criteria. Of the 39 patients with miscellaneous diseases, 51 percent gave 
abnormal LCP values and 35 percent gave abnormal II values. Tests 
of 54 sera of 49 cancer patients gave 87 percent abnormal LCP values and 
72 percent abnormal II values. The authors concluded that the tests are 
of value in cancer detection although they did not prove much more ad- 
vantageous than the less expensive Weltmann reaction. It was thought 
that none of these tests is of much value in the differential diagnosis of 
cancer. 

MATERIALS AND METHODS 


TECHNIQUE OF THE TESTS 


At the beginning of this study it was decided to follow the procedure 
given by Huggins et al. (1) asclosely as possible. The reagents used were 
prepared exactly as described. All volumes were carefully measured in 
good quality serologic pipettes. Volumes of less than 0.1 ml. were meas- 
ured in 0.2-ml. pipettes, and volumes of 0.12-1.00 ml. were measured in 
1-ml. pipettes. The reagents were measured into the prescribed number 
of 10 x 75 mm. tubes, the contents of the tubes were thoroughly mixed 
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by gentle inversion, and the tubes were immersed in vigorously boiling 
water for exactly 30 minutes. Care was taken to prevent the boiling 
water from splashing into the tubes. Although Huggins’ original direc- 
tions did not prescribe cooling of the tubes before determination of the 
end point we made our readings only after the tubes had been allowed to 
air-cool for 5 minutes. 

Preliminary experiments indicated that some end points would fall 
outside the range of the tests as originally described—the smallest amount 
of iodoacetate used (0.15 ml.) would prevent coagulation or the largest 
amount (0.38 ml.) would not prevent coagulation, etc. Just how Hug- 
gins reported such tests is not known. Our procedure in such cases was 
as follows: whenever the amount of serum permitted, tests were repeated 
using smaller (0.02, 0.04, 0.06, 0.08, 0.10, and 0.13 ml.) or larger (0.40, 
0.44, 0.48, 0.52, and 0.56 ml.) amounts of iodoacetate for the determination 
of the II or amounts of serum for the determination of the LCP. In the 
few instances in which this was not possible the value obtained from the 
highest or the lowest tube tested was used as the end point. These indi- 
vidual values are indicated by >, <, Or More, and Or Less, in tables 8, 
9, and 10 of the appendix. 

Preliminary experiments also indicated that there was something less 
than complete agreement between individuals in the reading of the end 
points. Dr. Huggins kindly consented to allow one of our group to visit 
his laboratory and learn the exact techniques used in reading the end 
points in the two tests. Although the original inverting-shaking method 
for the iodoacetate index was demonstrated, the new wire-loop method was 
being used at that time (June 1949) , because it was said to be less subjective 
and to give sharper end points. It was believed that both techniques had 
been mastered during this visit. In spite of this fact in our laboratory 
rather large discrepancies still occurred between duplicate tests performed 
by different workers and even by an individual worker. The fact that 
different observers would not always get identical readings on the same 
test was also disturbing. For this reason the method of reading the end 
points was modified by the use of standardized glass beads for the detection 
of coagulation. This method of reading the end points was not subjective, 
and presumably it was more constant and reliable. All observers would 
agree on the same end point for a particular test. 

The exact procedure used to obtain the values included in this report 
was as follows: The heated tubes were allowed to air-cool for 5 minutes. 
Each tube was then tilted and a standardized glass bead (180+10 mg., 
diameter 5.05 mm.) was gently rolled down the side of the tube. The 
tube was reinserted into the rack and the readings were made 5 minutes 
later. Tubes in which the bead was in the upper half of the tube were 
read as “coagulated.” In many cases there was a sharp end point with 
the bead on the surface in one tube and on the bottom in the adjacent tube. 
In other cases the end point was approached more gradually with a spread 
of four or five tubes between a tube which supported the bead completely 
and one in which the bead was on the bottom. Certainly any subjective 
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method involving shaking of such tubes could give erratic values for the 
end point. Since the method of reading the end point was changed, no 
attempt was made to interpret our results in terms of the range of normal 
values reported by Huggins. 

The results obtained have been reported in two ways; the LCP values 
were recorded both as the least coagulable percentage of serum as actually 
determined in the test (ml. serum diluted to 1 ml. in the end point tube x 
100), and as the least coagulable protein concentration in percent. The 
latter value was obtained by multiplying the former value by the concen- 
tration of serum protein in gm. per 100 ml. The iodoacetate index values 
have been recorded both as the milliliter of iodoacetate that just allowed 
coagulation to occur in the test and as the iodoacetate index (the former 
value in micromoles of iodoacetate per milliliter of serum divided by the 
serum-protein concentration). 

Huggins et al. determined the serum-protein concentration by micro- 
Kjeldahl digestion followed by distillation and titration of the ammonia 
formed. The protein concentration was then estimated by multiplying 
the protein nitrogen by the factor 6.25. We have determined the serum 
total proteins by a slight modification of the method of Weichselbaum (7/4). 
Triplicate standard solutions of human albumin were carried through 
the procedure with each set of determinations. Duplicate and triplicate 
determinations of serum-protein concentrations by this method indicated 
that the error of a single determination (difference from mean of the 2 or 3 
values) was very small. This error, expressed as a standard deviation 
obtained by taking the square root of the pooled variances of duplicate 
determinations with 16 sera and triplicate determinations with 12 sera, 
was 0.37 percent of the mean value. The individual percentage differences 
from the corresponding mean values ranged from —1.0 to +1.1. The 
results obtained with normal sera and with the sera of patients with 
cancer or with other diseases agreed closely with those obtained by a 
micro-Kjeldahl method. 


SELEcTION oF SUBJECTS FoR TESTING 


Normal controls.—F asting blood specimens were collected from a group 
of 137 active normal individuals. These subjects were in good health as 
far as could be determined by history, and in nearly every case, by body 
temperature, blood red- and white-cell counts and hemoglobin concentra- 
tion, serum-protein concentration, and X-ray examination of the chest. 
The group included 77 males whose ages ranged from 22 to 77 years, and 
60 females whose ages ranged from 18 to 52 years. The mean ages of 
the 2 groups were 35 and 30 years. 

Patients with neoplastic diseases.—This group included 46 patients with 
benign lesions and 147 patients with malignant lesions. All individuals 
were tested following overnight fasting and prior to any form of therapy. 
Many patients were tested before the final diagnosis had been made. No 
patient had received a blood transfusion within 1 week prior to testing. 
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All diagnoses were established by microscopic examination of tissues re- 
moved at biopsy, operation, or autopsy, and by a careful review of the 
clinical and laboratory records. Sixty-nine of the patients with malig- 
nant disease had proved metastases, while in the other 78 cases metastases 
were not recognized at the time of testing. 

Patients with miscellaneous diseases.—This group consisted of 176 fast- 
ing patients. Many of these patients had diseases that might be confused 
clinically with cancer; in fact, most of these patients were tested prior to 
operation when it was not yet known whether the patient had a benign or 
a malignant lesion. A number of patients with a variety of other 
diseases were also tested simply to study the specificity of the tests and 
their possible usefulness in a screening program. 


PROBLEMS OF THE TECHNIQUE 


REPRODUCIBILITY 


The value of a test can be no greater than the reliability of an individual 
result obtained by its use. For this reason an attempt was made to study 
the reproducibility and error of these tests. Because of the rather large 
varying intervals between adjacent tubes (20 percent between 0.15 and 
0.18 ml. serum; 6 percent between 0.33 and 0.35 ml.) it would be unlikely 
that a single test would give the exact theoretically correct result. The 


mean value obtained in replicate tests of a serum should approximate the 
true value, and the individual deviations from this mean value should 
afford a measure of the precision of the test. 

Least-coagulable-protein concentration—The reproducibility of the 
LCP procedure proposed by Huggins (1) was studied by making a total 
of 128 tests on 31 normal sera, 10 cancer sera, and 3 pregnancy sera. Two 
to seven tests were made on each serum by from one to four trained careful 
workers. The results obtained are summarized in table 4. The results of 
the tests are given both in ml. of serum in the end-point tube and in LCP 
percentage, assuming a serum-protein concentration of 7 gm. per 100 ml. 
in each case. The mean individual deviation (error) from the “true” 
value for the particular specimen was 4.2 percent of the true value. The 
standard error of an individual measurement (the square root of the 
average variance) was 0.0157 ml. of serum, or a LCP percentage of 0.1102. 
These values expressed as a percentage of the corresponding mean test 
results gave a coefficient of variation of 7.3 percent. The coefficient of 
variation of 7.3 percent indicates that approximately one-third of the 
errors would exceed 7 percent of the mean, that 5 percent of the errors 
would exceed 15 percent of the mean, and that practically none would 
exceed 22 percent of the mean. Actually, 1 error (in 1 of 7 replicates) 
was 21 percent. The highest and lowest values obtained in replicate 
tests differed by 1 tube with 22 sera, by 2 tubes with 4 sera, and by 3 tubes 
with 1 serum. 
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A certain portion of this error is undoubtedly due to errors in pipetting 
the rather small amounts of somewhat viscous serum, although all pipett- 
ing was done carefully. An attempt was made to determine the inherent 
error of the procedure other than that due to pipetting errors by carefully 
preparing the serum-buffer mixtures for each tube of the test in larger, 
more easily measured quantities. One-milliliter portions of each of these 
mixtures were placed in several tubes and the tubes were then heated and 
read by inverting in the usual manner. The results obtained in 130 such 
tests of 17 normal sera, 10 cancer sera, and 7 pooled sera (2 to 8 tests per 
serum) are also summarized in table 4. The mean individual deviation was 
now 1.9 percent, while the coefficient of variation was 4.2 percent. It is 
apparent that even with the elimination of pipetting errors the deviations 
from the average values will be greater than 8 percent in 5 percent of the 
tests. Actually, the highest and lowest values in replicate tests differed 
by 1 tube with 11 sera. Quadruplicate tests of 3 of the sera gave 2 values 
of 0.15 and 2 of 0.18 ml. in each case. Evidently the true end points lay 
between 0.15 and 0.18 ml. Had the tests been set up in amounts of 0.15, 
0.16, 0.17, and 0.18 ml., as Huggins did in his latest modification of this 
test, it is possible that these errors would have been smaller. 

Because of the personal variation in the reading of the iodoacetate 
index by shaking the inverted heated tubes it had been decided to deter- 
mine whether the heated mixtures were “solid” or “liquid” by their ability 
or inability to support a standard glass bead. For the sake of uniformity 
it was decided to use the beads in the LCP test if their use involved an 
error of no more than that of the inverting method. This error was esti- 
mated by using the beads in an equal number of tubes containing the same 
mixtures tested as described in the preceding paragraph (see table 4). 
The mean individual deviation found in these tests was 2.1 percent, and the 
coefficient of variation was 4.3 percent—values almost identical with those 
found by inverting the tubes. The highest and lowest values differed by 
one tube in tests of nine sera. Although the percentage deviations found 
by the use of the beads were nearly identical to those found by inverting, 
the actual values of the test results were approximately 11 percent greater 
by the bead method. Apparently the criteria for coagulation were more 
stringent by this method. For the sake of uniformity it was decided to use 
the beads with both tests, and all LCP values given hereafter were obtained 
by their use. The percentage errors of these individual values should be 
greater than those just mentioned and should approximate those found 
by the original Huggins procedure (mean 4.2 percent; 5 percent exceeding 
15 percent—table 4, LCP part 1), since the sera were tested only once and 
the tubes were loaded by individual pipettings. 

The constancy of LCP values obtained with normal individuals over a 
period of time was studied by testing 9 laboratory workers from 2 to 4 
times over periods of 3 to 7 months. The mean of the differences of the 
individual values from the mean values for the corresponding subjects 
was 3.8 percent, and the greatest individual difference in this series of 
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22 tests was 8.7 percent. Differences such as these are to be expected in 
light of the error of the method used. 

Iodoacetate index —The reproducibility of the II procedure proposed 
by Huggins (7) was studied by having several, careful, experienced work- 
ers perform replicate tests on the same sera. Each worker tended to ob- 
tain rather consistent results with the tests of the same serum, but the 
agreement among workers was not good. Some workers apparently 
tended to shake the inverted tubes more vigorously than others with the 
result that weak clots would tend to be broken up, and the end points 
would be in the direction of more solid clots (less iodoacetate—lower 
II). This difference between workers and between different sets of tests 
performed by the same worker is illustrated by the data in table 5. Five 
pools of serum were tested by preparing the serum-reagent mixtures in 
from 8 to 26 times the usual quantities and then heating a number of 0.75 
ml. portions of each of these mixtures in the same water bath at the same 
time. In this way any differences due to pipetting errors, length of con- 
tact of the reagents prior to and after heating, and time and temperature 
of heating were eliminated. From 4 to 8 sets of tubes (tests) for each 
serum were tested for coagulation by use of the standard glass beads. 
All workers would get the same value for the end point in each test— 
either the bead was in the top half of the tube or it was not. In addition, 
from 3 to 6 sets of tubes for each serum were tested by from 1 to 4 workers 
by inverting and shaking the tube “gently” as described by Huggins. 
With one serum the greatest amount of iodoacetate used (0.38 ml.) 
showed coagulation in all tubes, so that the end point was 0.38 ml., or more. 
With some tests of another serum the smallest amount (0.20 ml.) was con- 
sidered to prevent clotting, so that the end point was less than 0.20 ml. 

The data in table 5 indicate that even technicians who had observed and 
performed many iodoacetate index tests did differ in their methods of 
reading the end points. The average value for Pool 4 found by M. V. was 
15 percent greater than that found by V. H. It is interesting to note that 
a given worker may unconsciously change his method of reading end 
points. The mean values found by M. V. in tests of 5 sera were from at 
least 18 percent greater to 3 percent less than the mean bead values. Be- 
cause of these differences and errors that occurred when the original read- 
ing method was used, it was decided to use the glass beads to read all end 
points. All II values reported hereafter were obtained by their use. It 
is impossible to determine just how the values obtained by our bead pro- 
cedure compare with the subjective inverting-shaking values, but pre- 
sumably the bead end points are in the direction of more iodoacetate, for 
our mean normal IT value is greater than that reported by Huggins. 

The wire-loop method proposed by Huggins was said to give the same 
II values as the original procedure. Our bead procedure was compared 
with the wire-loop method by performing one or more tests of each pro- 
cedure on a total of 25 sera. The wire-loop method required from 0 to 
0.13 ml. less iodoacetate, and the average II value was 20 percent less than 
the corresponding bead value. Since the wire-loop procedure involved 
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the heating of double the usual volume of serum-reagent mixture in a 
larger test tube, it was considered possible that these changes, and not the 
use of the wire loop, were responsible for the lower II values. To test 
this hypothesis 4 pooled sera, 1 normal serum and 5 cancer sera were 
tested by the aliquot method already described. For each serum one set 
of 0.75-ml. serum-reagent mixtures was heated in 10X75 mm. tubes 
and another set of 1.50 ml. aliquots was heated in 13 100 mm. tubes. All 
tubes were tested by the bead method. The 10-mm.-tube values ranged 
from 0.23 to 0.40 ml., while the corresponding 13-mm.-tube values were 
from 0 to 0.10 ml. less, with the average value being 15 percent less than the 
bead value—a difference rather similar to that found by the use of the 
wire loop. Apparently the change of the volume of reagents, or the 
change of the tube size, or both, influenced the observed end point of 
coagulation. This change in tube size may be the explanation for the fact 
that in Huggins’ revised wire-loop method for the LCP test (5) his mean 
normal value was 7.5 percent less than the value obtained by the original 
10-mm. tube-inverting method. 

The reproducibility of the bead procedure may be estimated from 
data shown in table 4. From 2 to 4 tests of 10 cancer sera and 9 normal 
sera were made by use of individual pipettings. From 2 to 8 tests of 9 
pooled sera and 2 normal sera were made by preparing large quantities 
of the serum-reagent mixtures and heating 0.75-ml. portions. No marked 
differences in reproducibility were noted. In each set of tests the mean 
deviation from the average (most likely) value for the particular serum 
was approximately 4 percent, and the coefficient of variation was approxi- 
mately 6.5 percent, both values being of the same order of magnitude as 
those found for the LCP procedure. 

The constancy of II values obtained with normal individuals over a 
period of time was studied by testing 9 laboratory workers from 2 to 4 
times over a period of 3 to 7 months. The mean of the differences of 
the individual values from the mean values for the corresponding subjects 
was 6.2 percent, and the greatest individual difference was 16.9 percent. 
These differences are not unexpected in light of the error of the method 
although they are definitely greater than the variations of the LCP values 
obtained on the same specimens. 


FACTORS INVOLVED IN THE APPLICATION OF THE TESTS 


Some of the problems that arise in the use of these tests are the selec- 
tion of individuals to be tested (previously discussed) and the selection 
of the proper specimens. It is almost axiomatic that specimens obtained 
from individuals in the fasting state are to be preferred, but the securing 
of these specimens is not always a simple matter, especially if the test is 
to be used in large-scale testing of ambulatory individuals. Similarly, it 
usually is considered desirable to test specimens shortly after they are 
obtained. A study of some of these factors has been made. 

Huggins (/) stated that oxalated or heparinized plasma does not differ 
essentially from serum in its “quantitative characteristics of coagulation.” 
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Direct comparisons of oxalated plasma and serum from 26 specimens 
showed that the plasma iodoacetate-index value was 6.1 percent less than 
the corresponding serum value (significant at the 1-percent level). The 
mean iodoacetate-index value of 10 sera refrigerated for 3 days had de- 
creased by 11.7 percent (significant at the 5-percent level). The mean 
serum iodoacetate value of 17 specimens drawn 2 hours after breakfast 
was 6.9 percent less than that of the corresponding specimens drawn be- 
fore breakfast (significant at the 5-percent level). Because of these dif- 
ferences it was decided to use only the values obtained with the fresh 
serum of fasting individuals. 


SENSITIVITY AND SPECIFICITY OF THE TESTS 


The sensitivity and the specificity of the tests have been evaluated by 
comparing the test results obtained in tests of fresh sera of fasting patients 
afflicted with malignant neoplastic diseases, with benign neoplastic dis- 
eases, and with miscellaneous nonneoplastic diseases with the results ob- 
tained in tests of normal sera. The distributions of the values obtained 
in the LCP test have been plotted in terms of the least coagulable per- 
centage of serum (ml. of serum required for coagulation 100) in 
text-figure 1 and in terms of the least coagulable protein concentration 


DISTRIBUTIONS OF LEAST COAGULABLE PERCENTAGES OF SERUM 
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TEXT-FIGURE 1.—Distributions of least coagulable percentage of serum. 
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DISTRIBUTIONS OF LEAST COAGULABLE PROTEIN CONCENTRATIONS 
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TEXT-FIGURE 2.—Distributions of least coagulable protein concentrations. 


in text-figure 2. The values obtained in the II test are shown in text- 
figure 3 in terms of the milliliter of iodoacetate that just failed to prevent 
coagulation, while in text-figure 4 are shown in the iodoacetate index 
values obtained after correction for the serum protein concentrations. 

The sensitivity of a test giving a numerical result will be somewhat 
dependent upon the criteria used in establishing a range of normal values. 
If a critical point separating “normal” and “abnormal” values is selected 
so as to allow some false positive tests with the sera of normal individuals 
the sensitivity will obviously be greater than it would be were the critical 
point to be the extreme value found in or predicted from tests of normal 
controls. Dunn and Greenhouse (4) have recently discussed the criteria 
of a successful screening test for cancer, and they have concluded that 
a practical screening test must be capable of detecting at least 90 percent 
of the cases of cancer and still give no more than 5 percent false positive 
tests with normal individuals. 

In order to determine whether these tests meet the criteria of a useful 
screening test we have arbitrarily fixed our critical point, NV, so that the 
highest (or lowest) 5 percent of the results obtained with normal sera 
would be considered abnormal. This point was computed from the 
formula V,=M+ 1.645 S. D. where M is the mean value obtained in tests 
of the normal sera and S. D. is the standard deviation. Any value equal 
to or beyond the critical point was thus considered to be abnormal. 
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DISTRIBUTIONS OF LARGEST AMOUNTS OF IODOACETATE ALLOWING COAGULATION 
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TexT-FIGURE 3.—Distributions of largest amounts of iodoacetate allowing coagulation. 
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1ODOACETATE INDEX 


TExT-FIGURE 4.—Distributions of serum-protein iodoacetate indices. 


The 137 normal individuals constituting the control group for the 
LCP tests consisted of 77 males ranging in age from 22 to 77 years and 
60 females in the 18- to 52-year age group. Theoretically, the age distribu- 
tion of these controls should correspond to that of the cancer patients 
tested, but it was considered to be extremely difficult to obtain enough truly 
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normal persons in the older age groups. It was believed that if the tests 
failed to distinguish between old cancer patients and younger normal 
individuals they would probably be still less sensitive in distinguishing 
between these cancer patients and older normal controls. As a matter of 
fact, there was a difference between the LCP values obtained with the 
younger and older controls. The mean value, standard deviation and 
critical point for the 45- to 77-age group were higher than those of the 
18-30 group (table 6). When these data were analyzed by the technique 
of analysis of variance, the difference between the means was found to 
be significant at the 1-percent level. The 136 normal controls for the 
iodoacetate-index tests also varied in age from 18 to 77 years. As the age 
increased, there was a definite tendency for a greater spread of values; 
and both the mean value and the critical point decreased. The difference 
between the mean values of the youngest and oldest groups was significant 
at the 1-percent level. 


TaBLe 6.—Effect of the age of normal individuals upon the test results 
LEAST COAGULABLE PROTEIN CONCENTRATION 

















Age | Number | Mean value seantaes Suet Ns 

. a ~ ae 
Under 30____- end 73 | 1. 418 0. 1017 | 1. 59 
PR ctinwcwiaes PEER 40 1. 404 | . 1123 1. 59 
45-77. _...-- .| 24 | 1. 503 | . 1442 1. 74 
All ages 137 | 1. 429 | 1176 | 1. 63 

| | 
IODOACETATE INDEX 

Under 30____. .| 73 | 14. 597 1. 361 12. 35 
cc cAesonnea s nicl 39 | 14. 039 1. 435 | 11. 67 
| rae ne 24 | 13. 313 1. 620 | 10. 64 


All ages Se | 136 | 14. 210 1. 499 | 11. 74 
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It appears then that the use of the over-all critical points for the detec- 
tion of abnormal values would favor the tests in that it would ascribe 
abnormalities only to the effect of cancer rather than to the effects of 
both cancer and age. 


THE Least COAGULABLE PROTEIN TEST 


Normal. —The 137 normal LCP values ranged from 1.10 to 1.91, with a 
mean of 1.429, a standard deviation of 0.118, and ¥, point of 1.63. Theo- 
retically 5.0 percent of normal values should equal or exceed 1.63. By 
actual count 5.1 percent exceeded the critical point. Huggins’ (/) range 
of normal values was 1.147 to 1.476, with a mean of 1.334, and a standard 
deviation of 0.1646. The fact that our mean value is 7 percent greater 
than that of Huggins is understandable, since the data in table 4 indicated 
that the use of beads in reading the end point gave results approximately 
11 percent greater than those obtained by following the original Huggins 
procedure. Our results are still higher in comparison with the results 
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Huggins obtained in his revised wire-loop procedure (5). Our mean 
value is 16 percent greater than that reported by him. 

In the determination of the LCP value the least coagulable percentage 
of serum is actually measured and then this value is multiplied by the 
serum-protein concentration. The normal least coagulable percentages 
of serum actually measured ranged from 15 to 25, with a mean of 19.91, 
and a critical point of 23.1. By actual count, 1.5 percent of these values 
exceeded the lowest 95-percent-of-normals range. 

Miscellaneous diseases —The LCP test was performed on the sera of 
174 patients with miscellaneous nonneoplastic diseases. The LCP values 
ranged from 1.01 to 2.62, with a mean of 1.64, and a standard deviation of 
0.280. Text-figures 1 and 2 show that many values were in the normal 
range but that 44.8 percent of the values exceeded the lowest 95-percent- 
of-normal values. Similar results were obtained with the LCPS values; 
45 percent were abnormal. Apparently an abnormal LCP result does not 
depend upon the presence of cancer, and the correction based upon the 
serum-protein concentration makes the test neither more nor less specific. 

Benign neoplastic diseases —The 46 LCP values ranged from 1.23 to 
greater than 2.32, with a mean value of 1.54, and a S. D. of 0.230. Of 
these, 30.4 percent were abnormal. In terms of the LCPS 32.6 percent 
were abnormal. 

Malignant neoplastic diseases.—The 143 LCP values ranged from 1.16 
to greater than 2.59, with a mean value of 1.79, and a S. D. of 0.304. Of 
these 65.7 percent were abnormal. The percentage of positive tests ex- 
pected in a set of values with this mean and standard deviation is 70.4. 
In terms of the LCPS 72.0 percent were abnormal. Apparently the cor- 
rection based upon the serum protein makes the test no more specific for 
cancer and may make it slightly less sensitive. Certainly, the sensitivity 
is not high, especially in comparison with the results obtained in a variety 
of other diseases. 

One might expect the tests of patients with metastases to be more 
abnormal than those of patients whose neoplasms had presumably not 
yet metastasized. This proved to be the case. The 68 LCP values from 
patients with metastases had a mean of 1.85 and a S.D. of 0.314 while the 
other 75 values had a mean of 1.73 and a S.D. of 0.284. The two variances 
do not differ significantly, but the difference between the means is sig- 
nificant at the 5-percent level. The observed percentages of positive tests 
in the 2 groups were 72.1 and 60.0, while the expected percentages are 
76 and 64 percent, respectively. The individual test results and diagnoses 
for all patients tested are listed in tables 8, 9, and 10 (see Appendix). 


THE IODOACETATE TEST 


Normal; The 136 normal II values ranged from 8.98 to 17.35, with a 
mean of 14.21, a S.D. of 1.499 and W, point of 11.74. Values of 11.74 or 
less were obtained in 3.7 percent of this particular group. Huggins’ range 
or normal values was 9.20 to 13.60, with a mean of 10.81, and a S.D. of 
0.7538. 


a 
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Again our values undoubtedly differ from his, at least partly, because of 
the different method employed in reading the end points. 

In the determination of the iodoacetate index the largest amount (ml. 
per 0.25 ml. of serum) of iodoacetate just allowing coagulation to occur 
is actually measured, and this value in micromoles per milliliter of serum 
is then divided by the serum-protein concentration. The normal values 
in terms of milliliters of iodoacetate ranged from 0.25 to 0.52, with a 
mean of 0.4267, and a critical point of 0.3339. By actual count 5.1 per- 
cent of the values were lower than the highest 95 percent of normal values. 

Miscellaneous Diseases: The iodoacetate test was performed on the sera 
of 170 patients with miscellaneous nonneoplastic diseases. The IT values 
ranged from 3.42 to 15.95, with a mean of 9.35, and a S.D. of 4.44. Text- 
figures 3 and 4 show that many values were in the normal range, but that 
60.0 percent of the values were equal to or less than the .V; value. Similar 
results were obtained with the milliliter-of-iodoacetate values; 63.5 per- 
cent were abnormal. As was the case with the LCP test, an abnormal II 
result does not depend upon the presence of cancer, and the correction 
based upon the serum-protein concentration makes the test neither more 
nor less specific. 

Benign Neoplastic Diseases; The 46 II values ranged from 5.13 to 15.21, 
with a mean value of 11.67, and a S.D. of 2.32. Of these, 50.0 percent were 
abnormal. In terms of milliliters of iodoacetate, 56.5 percent were 
abnormal. 

Malignant Neoplastic Diseases; The 143 II values ranged from less than 
1.85 to 15.69, with a mean value of 9.50, and a S.D. of 2.95. Of these, 73.4 
percent were abnormal. In terms of milliliters of iodoacetate, 77.6 per- 
cent were abnormal. The correction for the serum-protein concentration 
made the test no more specific, for it merely decreased the percentages of 
positive results in the different groups of patients by from 3.5 to 6.5 
percent. 

The 67 II values from patients with metastases had a mean of 9.20 and 
a S.D. of 3.37, while the 76 other values had a mean of 9.77 and a S.D. of 
2.52. The 2 variances differ significantly at the 5-percent level, but the 
2 means do not differ significantly. The actual percentages of abnormal 
results in the 2 groups were 71.6 and 75.0, while the expected percentages 
are 76 and 77 percent, respectively. 


Bota LCP anp II Tests 


Both tests were performed on a total of 489 sera. The results are 
summarized in table 7. In this table, the patients with miscellaneous 
diseases have been subdivided into smaller groups of diseases, some of 
which might clinically be confused with cancer, while others might be 
encountered in a cancer survey program. The malignant neoplastic dis- 
eases have also been subdivided according to histogenetic type in an 
effort to determine the relative usefulness of these tests in detecting various 
types of disease. 
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The percentage of cases in each group giving each of the four possible 
combinations of tests has been listed. In addition the percentages of cases 
giving positive results with the LCP test, with the II test, with either 
one of the tests or with one or both tests have been presented. The II test 
gave more abnormal reactions with patients in all groups with the excep- 
tion of those with bronchiogenic carcinoma, with malignancies of breast 
or prostate, and with demonstrated metastases. The percentages of abnor- 
mal IT reactions were 50 with benign neoplastic diseases, 37.5 to 85.7 with 
miscellaneous diseases, and 38.4 to 88.9 with malignant neoplastic diseases. 
The corresponding values for the LCP test were 30.4, 7.7 to 62.8, and 46.2 
to 92.3. The corresponding percentages abnormal by both tests were 21.7, 
0 to 57.1, and 23.1 to 84.6, and those abnormal by one or both tests were 
58.7, 37.5 to 91.4, and 61.6 to 100.0. 

It is apparent that no combination of these tests can be used as a specific 
test for cancer, or for certain types of cancer. Even the combination of 
both tests does not appear to be suitable for use in a screening program, 
for although one or both tests were positive in all of the nine cases of 
metastatic carcinoma of undetermined type, and in 92.3 percent of the small 
group of cases of carcinoma of the prostate, only 82.7 percent of the entire 
group of cases of malignant neoplastic disease gave even one abnormal 
reaction. Even the cases with proved metastases gave only 86.2 percent 
abnormal reactions. At the same time at least one positive test was given 
by 68.4 percent of the patients with miscellaneous diseases, by 58.7 percent 
of those with benign neoplastic diseases, and by 8.8 percent of the normal 
individuals. Thus the combination of tests fails to meet the requirements 
of a useful screening test on two counts: less than 90 percent of the cancer 
patients gave abnormal reactions and more than 5 percent of the normal 
individuals gave false positive tests. Had the normal control group been 
comparable to the cancer group in age, it is likely that the proportions of 
abnormal results found with cancer patients would have been even less. 


SUMMARY 


The literature on the Huggins least coagulable protein and iodoacetate 
index tests has been reviewed. The techniques of both tests have been 
modified by the originators. 

The sensitivity and specificity of the original tests and their suitability 
for screening purposes have been studied by applying them to the fresh sera 
of fasting individuals of the following groups: 137 active, normal indi- 
viduals ranging in age from 18 to 77, 176 patients with miscellaneous non- 
neoplastic diseases, 46 patients with benign neoplastic diseases (pretreat- 
ment), and 147 patients with malignant neoplastic diseases (pretreatment), 
nearly half of whom already showed evidence of metastases. The diag- 
noses of all neoplastic diseases were confirmed by microscopic examination 
of tissue. The original procedures were slightly modified by extending 
the range of the tests in order to obtain measurable values in nearly every 
case, and by adopting a new nonsubjective method of reading the results. 
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The reproducibility of the procedures used was as follows: The mean 
error of the least coagulable protein determination was approximately 4 
percent, and the coefficient of variation (based on the standard error of a 
single determination) was 7 percent. Thus, any individual test result 
might be in error by up to approximately 22 percent. The absolute values 
obtained were approximately 11 percent greater than those found by the 
original procedure. The mean error and the coefficient of variation for the 
iodoacetate index determination were nearly identical to those of the least 
coagulable protein test. The absolute values were considerably greater 
than those obtained by the originators. 

A study was made of certain factors involved in the application of the 
tests: differences were found between the results obtained with fresh 
fasting serum and those found in tests of stored or postprandial serum, or 
of fresh oxalated plasma. 

The sensitivity and specificity of the tests have been evaluated by com- 
paring the results obtained in different types of disease with those obtained 
with the lowest (LCP) or highest (II) 95-percent-of-normal values. 
There was a definite correlation between the age of the normal individuals 
and the results obtained in the tests. The percentages of “abnormal” re- 
actions obtained with the LCP and II tests were as follows: miscellaneous 
nonneoplastic diseases 45 and 60; benign neoplastic diseases 30 and 50; 
malignant neoplastic diseases 66 and 73; metastatic malignancies 72 
and 72; nonmetastatic malignancies 60 and 75. The combination of both 
tests gave at least one positive result in 68, 59, 83, 86, and 80 percent of the 
above cases, but a positive result was also obtained with 9 percent of 
the normal sera. 

CONCLUSIONS 


The results obtained in this study are in agreement with Huggins’ 
statement that these tests are not specific diagnostic tests for cancer. 
Neither are they specific tests for any type of cancer or of other disease. 
Because of their lack of specificity and sensitivity they are considered to 
be unsuitable for use in a cancer screening program, either alone or 
together. 
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RELATION OF CORTISONE-INDUCED 
LYMPHOPENIA TO TRANSPLANTED 
SARCOMA IN HAMSTERS *?* 


Epwarp D. Crass, PH. D. and Marcaret A. KELSALL, 
PH. D., Department of Biology, University of Colorado, 
Boulder, Colo. 


The results obtained by different investigators show that cortisone treat- 
ment has varying effect on growth of tumors. Cortisone produced regres- 
sion of a highly malignant lymphosarcoma in mice (7), markedly inhibited 
growth of rat (R. 39) and mouse (T. 241) sarcoma (2), completely in- 
hibited growth of a transplanted rhabdomyosarcoma when administered 
daily (3), but had no effect upon Sarcoma 180 (2). 

The purpose of this investigation was to determine 1) what effect corti- 
sone would have on growth of a mixed-cell sarcoma if administered until it 
produced depletion of lymph nodes and lymphopenia before implantation 
and was continued after implantation, and 2) if the sarcoma developed 
under these conditions would it be accompanied by the usual periportal 
infiltration of lymphocytes and plasmacytes into the liver (4) and by 
hematopoiesis in the red pulp of the spleen as is the case in untreated 
hamsters implanted with this tumor (4). 


MATERIALS AND METHODS 


The hamsters used in this work are from a colony that has been selec- 
tively inbred, but not consistently brother-sister mated, for 8 years. The 
4 groups comprised 75 individuals each of which, unless otherwise stated, 
was 120 to 319 days old: 1) Cortisone-sarcoma group. Eleven males were 
given cortisone for 5 to 67 days before subpannicular implantation on 
right and left sides in the lumbosacral region with emulsified tumor from 
transplant generations 78 and 79 of Sarcoma Lung Line 6.* 2) Cortisone- 


1 Received for publication April 3, 1951. 

2 This investigation was supported by the Beta Sigma Phi International Endowment Fund. 

* The photomicrographs were made by Mr. Glenn E. Mills, Department of Visual Education, 
University of Colorado Medical Center. 

*Sarcoma Lung Line 6 was obtained by transplanting (on Dec. 12, 1945) a metastasis to 
the lungs from hamster A30:1M (6, fig. 1), which bore the 7th transplant generation of a 
subline obtained by transplanting a metastasis to the kidney in hamster A15:1F (6), which 
in turn bore the 6th transplant generation of a mixed-cell sarcoma that was induced by sub- 
pannicular injections of 9,10-dimethyl-1,2-benzanthracene. The structural characteristics of 
Sarcoma Lung Line 6 remained essentially the same as in the transplants of the chemically 
induced tumor and its metastases (5, 6). 
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treated control group. Fifteen normal males received cortisone in 2 to 
31 injections at intervals varying from 4 to 48 hours to determine the rate 
and extent that cortisone alone depleted the lymphoid tissue and cir- 
culating lymphocytes. Five of these were killed after receiving 2 to 3 
injections over a period of 0.2 to 5 days. 3) Normal Hamsters. Twelve 
normal hamsters were used as controls for the leukocyte counts and hemo- 
globin determinations. 4) Various Sarcoma-Bearing Controls. Eight 
normal males (2 of which died of the tumor) were implanted subpan- 
nicularly with sarcoma from the same donors and at the same time as the 
cortisone-sarcoma group. Six males and seven females bearing earlier 
transplant generations of the sarcoma were used to determine differences 
in leukocyte counts (table 1). Sixteen otherwise normal individuals 
having comparable ages and tumor-durations, but bearing various earlier 
line-transplant generations, served as controls for the rate of metastasis. 
The tumor was not removed from any animal used in this investigation. 

The dose of cortisone acetate * (11-dehydro-17-hydroxycorticosterone- 
21-acetate in saline, Merck) was 10 milligrams per kilogram of body 
weight injected subpannicularly. 

All hamsters were killed by fracture of the third cervical vertebra and 
the counts were made from jugular blood. The thymus gland, spleen, 
and axillary and inguinal lymph nodes were routinely fixed in sublimate- 
alcohol and stained with toluidin blue, Mallory’s aniline blue for white 
fibrous connective tissue, and by the Feulgen method. 

Hemoglobin was determined with the Hellige hemometer No. 305 and 
is represented in grams per 100 ml. of whole blood. 

The tumors were removed with the skin attached, fixed, measured and 
sketched; then the position and orientation of the pieces excised for 
sectioning were indicated by straight lines on the sketches. The outlines 
of the cross-sections were traced from prepared slides. 


RESULTS 


Depletion of lymphoid tissue by cortisone Repeated injections of 
cortisone depleted lymphocytes and plasmacytes in the thymus gland, 
spleen, lymph nodes, and intestinal lymphoid tissue. The thymus gland, 
of a male hamster 208 days old was reduced to one-fourth that of a normal 
male of similar age by three injections of cortisone during 5 days (figs. 
4 and 5). Infiltrating fat replaced most of the lymphoid tissue of the 
thymus so that only a remnant consisting chiefly of reticuloendothelium 
and blood vessels remained in all hamsters receiving 7 or more injections 
of cortisone during 10 or more days (figs. 5, 6, and 7). 

Lymphoid tissue in the spleen, lymph nodes, and intestine was greatly 
decreased by seven injections of cortisone during 10 days. Only a small 
area of pyknotic lymphocytes remained in the spleen of hamsters receiving 
18 injections during 37 days (fig. 22), and most of the axillary, inguinal, 
and mesenteric lymph nodes and Peyer’s patches became invisible macro- 


5 We are indebted to Merck & Co., Inc., for part of the cortisone. 
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scopically. The remaining lymph nodes consisted of reticuloendothelium 
with only a few scattered lymphocytes remaining in the cortex (figs. 2 
and 3). 

Lymphopenia—The number of circulating lymphocytes was reduced 
from 2,679 per cu. mm. (the mean for 12 normal animals) to 960 and 1,053 
per cu. mm. in 2 hamsters that received 3 injections during 48 hours and 
were killed 2 hours after the last injection (table 1). Continued in- 
jections of cortisone further decreased the circulating lymphocytes, the 
number dropping to 89 per cu. mm. in a hamster that received 18 injections 
over a period of 37 days. 

The number of lymphocytes (mean, 510) in 6 cortisone-treated hamsters 
having transplants of the sarcoma decreased at approximately the same 
rate as in the 15 receiving only cortisone (mean, 310, table 1). Changes 
in white blood cells of the 6 surviving tumor-bearing control hamsters 
were similar to the variations occurring in earlier transplants of this 
sarcoma (7). 

Cortisone-sarcoma.—Cortisone treatment before and after implantation 
appeared to cause no constant change in the sarcoma other than to reduce 
the latent period of palpable takes and the rate of growth (figs. 8-21) 
and increase necrosis (fig. 1). Reduced vascularity was apparent, but 
difficult to quantify, for some of the normal tumors were more vascular 
than others. Tumors of hamsters under cortisone treatment usually at- 
tained less than half the volume of control tumors having the same dura- 
tion (figs. 10-21), but the amount of viable tumor tissue was surprisingly 
small. 

The latent period for palpable takes averaged 5 days longer in the corti- 
sone-treated hamsters (average 13, extremes 11 to 18) than in the 8 
control animals (average 8, extremes 6 to 11). However, this difference 
probably is not significant, for the early takes in cortisone-treated ham- 
sters were flaccid, thin and wide and, consequently, were difficult to detect 
by palpation; while those in control animals were solid and spheroidal. 

As was expected, metastasis did not occur in any of the cortisone- 
sarcoma or in the 8 sarcoma-control hamsters, for records of line-trans- 
plants of Sarcoma Lung Line 6 (8, 9) revealed that of 16 hamsters that 
bore various transplant generations for 17 to 22 (average 19.3) days 
without removal only 2 had metastasis (tumor durations 18 and 19 days). 

Necrosis in various stages was present in all tumors of the cortisone- 
treated animals having a duration of 13 or more days. Even the smallest 
of these tumors had liquid central areas and diffused pyknosis and 
karyorrhexis in much of the peripheral area (fig. 1). Since the round 
tumor cells were destroyed first, these appear to be more susceptible to 
cortisone-induced necrocytosis than the spindle cells. 

There was no significant change in hemoglobin content or in red-cell 
count in the blood of the tumor-bearing animals or of the two groups 
treated with cortisone (table 1). 
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Spleen.—Cortisone injections before and after implantation of the 
sarcoma reduced the lymphoid tissue in the spleen (fig. 22) and inhibited 
development of hematopoiesis in the red pulp (fig. 23) ; however, hema- 
topoiesis was as extensive in the spleens of the six sarcoma-bearing con- 
trols (fig. 24) as has been reported for hamsters bearing earlier transplant 
generations of this sarcoma (5). The red pulp of the spleen in cortisone- 
sarcoma animals did not contain megakaryocytes or foci of erythropoiesis 
or myelopoiesis, but all three were conspicuous in the six sarcoma-controls 
and in hamsters having earlier transplant generations (4). 

Effect of cortisone on the liver—Periportal infiltration of lymphocytes 
and plasmacytes did not occur in the liver of any of the hamsters receiving 
cortisone alone (figs. 25 and 26) or in those receiving 3 to 31 injections of 
cortisone before implantation of the sarcoma and 6 to 15 injections after 
implantation (figs. 27 and 28). The 6 tumor-control hamsters had ex- 
tensive periportal infiltration of lymphocytes and plasmacytes into the 
liver (figs. 29-32), as did those implanted with earlier transplant genera- 
tions of this sarcoma (4), and as occurred in hamsters during carcino- 
genesis produced by percutaneous application of 9,10-dimethyl-1,2-benzan- 
thracene (10). Cortisone given for a period of 8 or more days reduced 
cytoplasmic basophilia in hepatic cells (figs. 25, 26, and 28), the last 
to lose their basophilia being those nearest the portal vein (0). 


DISCUSSION 


Hematopoiesis in the spleen of sarcoma-bearing and pregnant hamsters 
has been attributed to inability of hamsters to increase medullary 
hematopoiesis to meet the increased need for hematopoietic cells (5). 
The absence of extramedullary hematopoiesis in the red pulp of the 
spleen of the cortisone-treated sarcoma-bearing hamsters may be related 
to depletion of lymphocytes, since splenic hematopoiesis is very extensive 
in untreated hamsters bearing implanted sarcoma for more than 15 days 
and in female hamsters from the tenth day post coitus to 15 days post 
partum (6). 

Since the nucleus of lymphocytes contains more desoxyribonucleic acid 
than most cells (4) and the cytoplasm of plasmacytes contains a great 
amount of ribonucleic acid (7), extensive destruction of lymphocytes and 
plasmacytes by cortisone decreased nucleic acids in the lymphoid tissue 
and also in the blood. Inhibition of hematopoiesis in the red pulp of the 
spleen and decreased growth of the tumor implants (figs. 8-21), may be a 
result of cortisone in decreasing nucleic acids. Another protein rela- 
tionship between cortisone and inhibited tumor growth is suggested by 
the tenet of Heilman and Kendall (7) that the capacity of cortisone to 
produce regression of lymphosarcoma was due to stimulation of protein 
catabolism to a degree which resulted in death of malignant cells. 

The cortisone-depletion of lymphocytes and plasmacytes inhibited peri- 
portal infiltration of these cells into the liver of tumor-bearing hamsters, 
but this infiltration occurred in the livers of the 6 control and in all other 
untreated hamsters bearing this sarcoma (4). The disintegration of 
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plasmacytes that occurred within the splenic and portal veins of normal 
and tumor-bearing hamsters (7) appears to have the function of main- 
taining basophilia of the hepatic cells. 


CONCLUSIONS 


Cortisone was repeatedly injected into normal hamsters until the lymph- 
oid tissues were depleted and circulating lymphocytes were reduced from 
the normal mean of 2,679 per cu. mm. to a mean of 310 per cu. mm. for 10 
hamsters receiving 7 or more injections. Continued injection of cortisone 
during the 13 to 21 days after implantation of the sarcoma prevented 
periportal infiltration of lymphocytes and plasmacytes into the liver and 
inhibited the development of hematopoiesis in the red pulp of the spleen 
in addition to inhibiting growth of the mixed-cell sarcoma. 
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PLATE 1 


Figure 1.—Miliary necrosis in a 13-day sarcoma from a hamster that received 14 in 


jections during 25 days before implantation and 6 injections after implantation 
Toluidin blue. Xx 400. 


Figure 2.—Section to show cortex and medulla of the right inguinal lymph node of 


a hamster that received 12 injections of cortisone during 24 days and was killed 8 
hours after the last injection. Toluidin blue. x 150. 


Ficure 3.—Cortex of an inguinal lymph node of a male hamster that received 11 
injections of cortisone during 21 days. Feulgen. x 150. 


Figure 4.—Thymus gland of a normal male hamster 211 days old. 


Toluidin blue. 
xX 35. 
Figure 5.—Thymus gland of a male 208 days old that received 4 daily injections of 


cortisone and was killed 22 hours after the last injection. Toluidin blue. x 35. 


Ficure 6.—Thymus gland of a 138-day-old hamster that received 14 injections of 
cortisone before implantation of the sarcoma and 6 injections during 6 days after 
implantation and was killed 2 hours after the last injection. 


Most of the thymus 
gland has been replaced by fat. Toluidin blue. x 35. 


Fieure 7.—Enlarged section of figure 6 to show depletion of lymphocytes, vascularity, 


and conspicuous reticuloendothelium. Toluidin blue. x 350. 
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PLATE 2 


Figure 8.—Untreated male. Duration of right and left tumors was 21 days. Same 
animal] represented in figure 21. 


FIGURE 9.—Cortisone-treated male inoculated and killed at the same time as figure 8. 
Received 21 injections of cortisone during 45 days before and 15 during 20 days 
after implantation; killed 24 hours after last injection. Duration of tumors was 
21 days. Both were photographed 1 day before being killed. Same animal repre 


sented in figure 15. 
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PLATE 3 
Figures 10 to 21.—Effect of cortisone-induced lymphopenia and depleted lymphoid 
tissue on tumor growth. Figures 10 to 15 represent left (upper) and right (lower) 
tumors from hamsters treated with cortisone before and after implantation. Fiz 
ures 16 to 21 represent control animals. The tumors shown in figures 10 to 12 and 
16 to 18 had a duration of 13 days from implantation: while those in figures 13 
to 15 and 19 to 21 had a duration of 21 days. The stippled areas represent outlined 


medial views; while those in solid black 


represent cross sections of the tumors 
eut at levels indicated by the straight lines. Figures 15 to 21 
shown in vivo in figures 8 and 9 


are of the tumors 
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PLATE 4 


PIGURE 22.—Two sections through the mid-head and tail halves of the spleen of 
182-day-old hamster that received 18 injections of cortisone during 37 days and wa 
killed 2 days after the last injection. Toluidin blue. <x 35. 

IGURE 23.—Spleen of a hamster that received 3 injections of cortisone during 5 day 
before implantation and 15 injections during 21 days after implantation of the 
sarcoma. Toluidin blue. X 35. 

TIGURE 24.—Hematopoietic foci throughout the red pulp and resulting splenomegaly 
(5) in an untreated female having an implant from the same donor as 23 but for 
a duration of 28 days. Toluidin blue. X 35. 

“IGURES 25 and 26.—Decreased basophilia of hepatic cells in the liver of a hamste 
that received 12 injections of cortisone during 24 days and was killed S hours afte! 
the last injection. Toluidin blue. X 350. 

“IGURE 27.—Periportal region in the liver of a hamster that received 17 injections of 
cortisone during 26 days before implantation and 6 injections during 13 days afte 
implantation and was killed 6 days after the last injection of cortisone. Toluidin 
blue x 100. 

PIGURE 28.—Portal region in the liver of a hamster that received 3 injections of 
cortisone during 5 days before implantation and 15 injections during 21 days of 
tumor duration. Toluidin blue < 100), 

“IGURE 2D.—Periportal region in the liver of a hamster bearing a control sarcoma 
transplanted from the same donor and having the same duration as figure 27 
Toluidin blue. x 100. 

“IGURE 30.—Portal infiltration in a tumor-bearing control hamster having a duration 
of 21 days. This sarcoma was from the same donor as figure 28. Toluidin blue 

350. 


FIGURES 31 and 32.—Plasmacytes and lymphocytes in the periportal connective tissue 


of a sarcoma-bearing control hamster. Toluidin blue. x 1,200. 
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STUDIES ON THE BLOOD SUPPLY OF 
TUMORS IN MAN. III. VASCULAR PAT- 
TERNS OF THE LIVER BY HEPATIC 
ARTERIOGRAPHY /N VIVO"? 


Howakp R. Bierman, M. D., Katey L. Bysron, Jr, M. D., 
Keir H. Ke t.ey, M. D.,? and Atice Grapy, M. D., Labora- 
tory of Erperimental Oncology, National Cancer Institute,‘ 
and the Divisions of Medicine and Radiology and Cancer 
Research Institute, University of California School of 
Medicine, San Francisco, Calif. 


Abnormal vascular patterns of the brain in the presence of tumors have 
been successfully visualized and applied to clinical practice by methods of 
cerebral angiography (7, 2). It has been demonstrated that neoplasms 
of other organs often exhibit an increased or abnormal arterial vascularity 
(3, 4). The visualization of the blood supply of various organs, there- 
fore, could permit an additional means of discovering and localizing the 
presence of neoplasms. 

The study of neoplastic growths in the liver in man was aided by the 
work of Breedis and Young (5). By introducing contrasting dyes into 
the hepatic artery and the portal vein of livers of animals and human 
beings with primary and secondary neoplasms, it was shown that the blood 
supply of the neoplasms was derived almost exclusively from the hepatic 
artery. In contrast, 75 to 80 percent of the blood supply to the normal 
liver parenchyma is from the portal vein, and only 20 to 25 percent of 
the blood to the liver reaches it through the hepatic artery. These find- 
ings, on perfused livers obtained at autopsy, have been confirmed in this 
laboratory.° 

The vascular pattern of the liver in vivo has been observed occasionally 
by roentgenographic technique following the administration of radi- 
opaque material into the aorta, usually by retrograde aortography or 
direct needle puncture (6,7). The technique of intra-arterial catheteriza- 
tion (8) was developed as a more precise method to reach and to visualize 
the vascular patterns of the liver and other viscera in intact living man. 


1 Received for publication April 3, 1951. 

2 Supported in part by Research Grant C-396 from the Division of Research Grants and 
Fellowships of the National Cancer Institute, Public Health Service and an Institutional Grant 
43 from the American Cancer Society. 

? Damon Runyon Fellow. 

* National Institutes of Health, Public Health Service, Federal Security Agency. 

° Ortega, P., and Bierman, H. R., Unpublished observations. 
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This report presents the method and demonstrations of the hepatic 
arterial circulation in man by timed, rapid roentgenographic technique 
following the injection of radiopaque materials, employing the intra- 
arterial catheter that had been manipulated into the celiac or hepatic 
artery in patients. 

SUBJECTS AND PROCEDURE 

Fifty patients with various neoplastic‘ lesions, usually involving the 
liver, were studied. Two or 3 arteriograms were done on each patient at 
each catheterization. All procedures were done under local anesthesia 
except for 2 children who received general anesthesia. Preoperative medi- 
cation consisted of atropine, barbiturates, and alkaloid narcotics as needed. 
The usual aseptic surgical precautions were observed but because of the 
possibility of contamination of the arterial wound in the dark of the 
fluoroscopic room, penicillin was given routinely for 3 days following 
the procedure. 


Many radiopaque substances have been used by various investigators 
for angiography (2), the majority employing Diodrast * or Thorotrast.’ 
More recently, however, other substances, e. g., Neo-lopax * have gained 
increasing favor. Concentrations not exceeding 35 to 50 percent are rec- 
ommended when the carotid sinus and central nervous system may be 
directly exposed to the radiopaque material. However, when these sub 
stances are injected elsewhere, concentrations up to 75 percent have been 


considered safe, barring sensitivity to the material. Pendergrass and his 
associates (9) have reviewed the unfavorable reactions, including 26 
deaths, following the intravenous use of Diodrast. No evidence was avail- 
able in the literature that 70 percent Diodrast given intra-arterially below 
the aortic arch was injurious to the vascular supply of the viscera. 

All patients were previously tested intravenously for sensitivity to 
Diodrast. In patients showing such sensitivity, Neo-lopax was employed 
without untoward responses. Thorotrast was used in one patient who 
was sensitive to both Diodrast and Neo-Iopax. Aside from burning 
sensations and occasional nausea there were no severe untoward reactions 
to the administration of up to four consecutive injections of 20 ec. of 70 
percent Diodrast or Neo-Iopax into the liver. 

An intra-arterial catheter ° was introduced into the brachial or carotid 
artery and manipulated into the celiac axis and common hepatic artery 
under fluoroscopic control as previously described (8, 10). The carotid 
artery approach, which originally was employed, has been replaced by 
that of entering the brachial artery. This has materially reduced the 


* Iodopyracet, 70 percent. 

7 Thorium Dioxide. 

* Brand of sodium iodomethamate, 75 percent. Kindly supplied for this study by Schering 
Corporation, Bloomfield, New Jersey. 

®° The catheters were made by the U. S. Catheter Co., Glen Falls, N. Y. The catheters were 
radiopaque, with heavy walls, yet flexible, and 150 cm. long; having a sharp fixed curve the 
first 5 cm. and a more gradual curve in the next 10 cm. aids manipulation. The curve in 
the catheter may be made temporarily if the tip is placed and stored in a hollow glass tube bent 
to give this configuration. 
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incidence of complications (10). Papaverine hydrochloride solution, 0.03 
gm. per cc. topically applied to the artery, diminished the arterial spasm. 

To advance the catheter into the hepatic artery from the celiac artery, 
the catheter tip was rotated anteriorly to the right, and advanced until 
resistance was encountered ; then, 5 to 10 cc. of saline were rapidly injected 
while the catheter tip was kept firmly impinged in the artery in the proper 
direction. Such injections of saline or radiopaque material often assisted 
the movement of the catheter tip further into the hepatic artery (figs. 
1,2,and3). The recoil action of the catheter tip during and immediately 
following the injections was probably responsible for the further ad- 
vance. Once the catheter was in position, 2 to 4 cc. of 70 percent 
Diodrast, Neo-Iopax, or Thorotrast was injected rapidly through the 
catheter and followed under fluoroscopy to confirm the position of the 
catheter tip. The patients as a rule experienced a slight sensation of 
warmth in the epigastrium with this amount of radiopaque material if it 
entered the celiac artery. There wasa slight delay of 2 to 8 seconds, which 
increased to a hot burning sensation within 10 to 15 seconds, and was 
usually localized to the epigastrium and right upper quadrant. Immedi- 
ate, sharp, severe pain following the injection indicated that the material 
had entered a small peripheral artery, usually an intercostal, lumbar, or 
phrenic. 

The room was then illuminated and an overhead X-ray tube and 
14- by 17-inch cassette holder centered above and below the upper abdomen, 
respectively, with particular precautions that the entire liver outline was 
included on the right side of the film. The patient fixed his chest fol- 
lowing a deep expiration, and 10 to 20 cc. of the radiopaque material was 
injected * rapidly into the catheter. The films were taken at various in- 
tervals up to 5 seconds after the last of the radiopaque material left the 
syringe. 

RESULTS 


The data on 50 patients are presented (table 1). Nine of these patients 
had normal hepatic vascular configurations. Of the 9 patients, 4 had no 
liver metastases at post-mortem examination. The 5 other patients had 
no clinical or laboratory evidence of liver involvement and still survive. 

Normal liver.—The normal hepatic arteriogram demonstrates the major 
arterial pattern of the liver (figs. 4 and 5). The celiac artery branches 
from the abdominal aorta at T,, to L, at an obtuse angle downward ap- 
proximately 2 to 4 cm. below the vertebral attachment of the diaphragm. 
Caution must be exercised if the level of the diaphragm alone is employed 
as a landmark, since it frequently is elevated with hepatic or splenic en- 
largement, or depressed with pulmonary emphysema. The celiac artery 
is large and will accommodate the tip of a No. 9 to 12F intra-arterial 
catheter in large individuals. The celiac artery is straight, 1 to 3 cm. 
long, and terminates in three branches, the splenic, the common hepatic, 


* The injection syringe preferably should have a Luer-Lok adapter to prevent leakage during 
the rapid injection. 
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and the left gastric, in decreasing order of size. Many variations of these 
branches occur in the normal subject (7/1, 12), and distortions in course 
and size due to neoplastic lesions may further disturb the original pattern. 

The common hepatic artery branches from the celiac at about a ninety- 
degree angle at the right paravertebral line where it gives off the right 
gastric artery and the gastroduodenal artery, which runs inferiorly to 
supply portions of the stomach, duodenum, and pancreas by the right 
gastroepiploic and superior pancreaticoduodenal arteries. The common 
hepatic artery divides into right and left hepatic arteries which supply, 
respectively, the right and left lobes of the liver. As the vessels pro- 
gressively decrease in size, few, if any, anastomoses were apparent. These 
smaller arteries in general are straight or curve gently and are seen radi- 
ologically as sharply-defined vessels coursing in an orderly fashion well 
out to the periphery of the liver. As films are taken at later intervals, 
the passage of the radiopaque material toward the periphery of the liver 
can be seen. The orderly arrangement and progressively decreasing 
caliber of the vessels is maintained (figs. 6 and 7). 

The hepatic arteriogram in 41 patients with metastases to the liver— 
Thirty-three of the forty-one patients with hepatic metastases showed ab- 
normal, bizarre patterns with disproportionately small vessels grouped 
distinctively from the surrounding normal-appearing vasculature. 
Hepatic arteriograms on five other patients showed a decrease in vascular- 
ity, particularly of the small terminal vessels. Four of these five patients 
had Hodgkin’s disease of the liver, and one had a hepatoma. In the three 
remaining patients, the arteriograms failed to show massive characteristic 
areas of increased vascularity although metastases were present. 

The areas of opacity observed on the films were correlated with areas 
of neoplastic involvement of the liver as found by clinical examination, 
operation, and puncture biopsy when possible, and at post-mortem exami- 
nation in 25 patients. Eleven patients survive at this writing, and 
necropsy examination was not obtained on five patients. 

The celiac artery was often displaced from its normal position when 
there was hepatomegaly. Usually this was inferiorly, although on occa- 
sion it was found to the right or left and often lengthened anteriorly in 
its course (figs. 8 and 9). The arterial patterns of livers with metastases 
confirmed the hepatomegaly, which was clinically detected. 

The hepatic arterial circulation in patients with neoplastic involvement 
of the liver was most rapid in the larger vessels and not infre- 
quently a slight delay in exposure of 2 to 3 seconds completely 
missed the hepatic circulation of the radiopaque material in the large 
arteries yet the pattern in the small peripheral vessels could be seen (fig. 
10). In some patients, part of the liver involved with metastases showed 
pooling of the contrast media in the smaller and minute vessels, known 
as tumor stains (/, 2), while the portion of the liver that was uninvolved 
showed the radiopaque material still within the large vessels, thus illus- 
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trating two different rates of flow (figs. 8 and 9). Two of these 33 
patients with large, palpable liver masses, had arteriograms that showed 
displacement of the major hepatic arteries and distortion of the normal 
course of the smaller branches (figs. 11 and 12). 

The vascular patterns observed in these 33 patients with liver metastases 
were identical in many respects with those observed in and about intra- 
cranial neoplasms (2). There was an irregular formation of new or re- 
arrangements of pre-existing vessels, approximately of uniform but small 
caliber often conglomerating in an area, distinct from the surrounding 
uninvolved liver (fig. 13). The smaller vessels coursed in a bizarre, 
helter-skelter fashion often exhibiting dilations, termed tufting (fig. 14), 
which was not observed in any of the uninvolved liver arteriograms. The 
artery leading to the increased vascular bed was often greater in diameter 
than comparable vessels observed in uninvolved livers. 


DISCUSSION 


The disproportionate small size of the vessels in the tumor in comparison 
to the large parent vessel from which they were directly derived may be 
an indication of a response to encourage the proliferation of new vessels, 
as stated by Dos Santos (4) in his studies on bone tumors. Such a 
stimulus from a tumor mass upon its surroundings resulting in new capil- 
lary formation has been studied extensively by Algire and his asso- 
ciates (13). Similarly, hyperplasia of the uterine vessels accompanies 
hyperplasia of the endometrium (7/4). The stimulus for such capillary 
proliferation probably emanates from the neoplastic tissue, since it follows 
and does not precede the implant (73). The association of vascular 
proliferation and growth of the tumor is maintained until the transplant 
is firmly established. 

The arterial supply of the neoplasm in the human liver is unusual, since 
there are abundant venous channels of the portal system that supply most 
of the normal liver parenchyma. It is not unexpected that areas of 
abnormal vessel formation in relation to tumors should visualize with 
Diodrast, since there is an increased arterial vascularity within intra- 
hepatic neoplasms (8). The vasospastic effect of Diodrast and Neo-lopax 
on the arterial vessels during injection may partly decrease the intense 
filling observed in these vascular beds. The rapid flow through the larger 
vessels of the liver in the area that contains metastases may be a reflection 
of its increased blood supply, open arteriovenous shunts or altered 
peripheral resistance. 

Increased vascularity of the type recognized in the brain (7) since 1927 
is not a specific characteristic of brain neoplasms but a common char- 
acteristic of probably the majority of tumors throughout the entire body 
regardless of their location. This has been suggested by the arterial 
patterns observed in neoplasms in the liver, bone (4), kidney (10), and 
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other viscera (10) by arteriography and thus opens a new field of 
investigation for diagnostic and therapeutic purposes. 


SUMMARY 


The human hepatic arterial circulation has been demonstrated on 150 
occasions in 50 patients by timed, rapid roentgenographic exposures 
immediately following the injection of radiopaque materials through an 
intra-arterial catheter introduced into the brachial artery and manipulated 
into the celiac or hepatic arteries. 

The hepatic arterial circulation in the uninvolved, normal liver exhibited 
an orderly branching with progressive and gradual diminishing caliber 
of the vessels as they terminated in the parenchyma of the liver. No 
gross anastomoses were observed between the vessels outlined by this 
technique. 

The arterial pattern in the liver with metastases was characterized by 
pooling and increased vascular outlines in the tumor masses. The small 
vessels in the involved areas originated from disproportionately large 
parent arteries in the vicinity, branched abruptly, and formed bizarre, 
disorderly patterns that were characteristic of a neoplastic lesion. 

The arterial circulation through the human liver with metastases is 
apparently more rapid than in the uninvolved liver. 
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PLATE 5 
Advance of catheter tip into hepatic artery by employing the recoil motion of the 
catheter following Diodrast injections to outline the arterial circulation. 


Figure 1.—Tip in the celiac artery pointing to the right and slightly anteriorly. 
Figure 2.—Tip now in common hepatic artery. 


Note increased vascularity at inferior 

edge of right lobe and large vessels going to another area more laterally. 

Figure 3.—Tip now to the right paravertebral border, approximately two centimeters 
before the gastroduodenal artery leaves the hepatic. 
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PLATE 6 


Ficgtre 4 Anatomical distribution of the circulation of the liver in normal m: 
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PLATE 7 
JS, 40, male, lymphoepithelioma of nasopharynx 
Figure 5.—Normal arterial pattern in a liver without clinical evidence of metastases 
Note clearly defined vessels that branch in an orderly fashion with progressively 
diminishing caliber to the periphery of the liver. The opaque area in the cortex of 
the right kidney appeared after 4 cc. of Neo-lopax was injected into the renal artery 
Figure 6.—Two seconds after completion of injection. Note filling of more peripheral 
vessels maintaining orderly branching 
FIGURE 7. 


-Four seconds after completion of injection. Periphery of liver outlined by 
small vessels filled with Diodrast. 
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PLATE 8 


JC, 35, female, adenocarcinoma of ovary metastatic to liver, with hepatomegals 
Ficure 8.—Note inferior displacement and lengthening of celiac artery. Exposure 
taken at conclusion of injection. Upper half of right lobe shows only tumor stains 
while lower half still shows distinet vascular pattern 
Figure 9.—Two seconds after injection of Diodrast. Tumor stains of right upper 
lobe persist. Post-mortem examination showed massive neoplastic involvement of 


right upper lobe of liver. 
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PLATE {) 
Figure 10.—GB, 2, male, hepatoma Note Diodrast entering the celine axis and 
filling the splenic vessels while there is already pooling well out in the right lobe 
of the liver with an abnormal appearance. At operation only the right lobe of the 
liver was diffusely infiltrated with the hepatoma nodules. The 
upparently free to the exploring hand 


eft lobe 


Wis 
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PLATE 10 


Fictre 11.—GE, 56, female, carcinoma of the gall bladder 


The fine vessels branching 
directly 


from the large gastroduodenal and hepatic arteries with their aimless 
wandering pattern is within the area of tumor as surgically confirmed. The artery 
to the left lobe of the liver can be seen branching superiorly and to the left from 
the common hepatic artery. 


Figure 12.—CC, 59, male, adenocarcinoma of the colon metastatic to the liver with 
a large intrahepatic mass in the midepigastrium. The artery to the left lobe of 


the liver is displaced inferiorly and to the right 
seen in the right lobe, 


Abnormal vascular patterns are 








OURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 12 PLATE 10 


/ 


L.HEPATIC DISPLACED 


Bierman et al. 








130 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 11 
Figure 13.—FY, 


39, male, 
liver. 


adenocarcinoma 


of right kidney with metastases to the 
Note two large radiopaque areas in right lower lobe of liver following 
Diodrast administration into the hepatic artery. The lower 
increased vessels surrounding and within the 


tufting of vessels and the irregular bizarre pattern. 


nodule 
abnormal 


shows the 
tulior 


urea Note the 
Figure 14.—AJ, 56, female, adenocarcinoma of the pancreas with metastases to liver 

proved at operation. Marked irregular tortuous areas of 
the liver substance. 


vascularity 
dilations 


throughout 
Note wavy course of the new vessels with irregular sinusoidal 
(tufting) Increased arterial supply to large palpable mass 
edge of right lobe 


at inferior 
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THE INFLUENCE OF INOCULUM SIZE ON 
PROLIFERATION IN TISSUE CULTURES: 


Witton R. Eag_e, KATHERINE K. SaNrorp, VirGinia J. 
Evans, HELEN K. Wattz, and JoHn E. SHANNON, IJr., 
National Cancer Institute? Bethesda, Md. 


INTRODUCTION 


Methods have been developed (/, 2) for preparing large numbers of 
replicate cultures from suspensions of a pure strain of mouse cells and 
for measuring proliferation in the cultures by enumeration of the cell 
nuclei. 

These methods have been applied to a study of the inflvence of the 
amount of inoculum on subsequent proliferation in the cultures. Both 
the amount of inoculum and subsequent proliferation were measured by 
enumeration of the cell nuclei. The cultures were maintained in a me- 
dium of dilute horse serum and chick-embryo extract. The objects of 
this study were 1) to determine the maximum and minimum sizes of 
inoculum that will survive and proliferate in the T-12 flask under the 
culture conditions used , 2) to determine the influence of the inoculum size 
on proliferation rates in the cultures, and 3) to determine the maximum 
numbers of cell nuclei attainable in the cultures. 


MATERIALS AND METHODS 


The cells used in this study were the L strain of mouse cells originated 
from a single cell (3). 

In each experiment a concentrated cell suspension was prepared, stirred, 
and gassed according to the method described for preparing replicate 
cultures (7). Since this experimental study was made in the course of 
developing replicate culture methods, the earlier designs of sieve, reser- 
voir, and stirrer were used in the first of the experiments. The cell- 
suspending fluid in the early experiments was the nutrient culture 
medium, consisting of 40 percent horse serum, 20 percent (1:1) chick- 
embryo extract, and 40 percent Earle’s saline; in the later experiments 
the cells were suspended in horse serum. From the concentrated cell 
suspension, a measured volume was delivered to a second reservoir con- 
taining a known volume of the suspending fluid. This diluted suspension 


1 Received for publication April 18, 1951. 
? National Institutes of Health, Public Health Service, Federal Security Agency. 
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was likewise stirred and a third dilution prepared as above. In this way 
four to seven serial dilutions of cell suspension were prepared. 

T-12 flasks containing a sheet of perforated cellophane were inoculated 
according to the method previously described (7) with 2 ml. of suspension 
of cells in culture fluid or 1 ml. of suspension of cells in horse serum. To 
the latter flasks 1.5 ml. of a (1:2) mixture of embryo extract and saline 
were added to yield a final volume of 2.5 ml. of the nutrient culture me- 
dium. In each experiment the cultures planted from one suspension were 
considered an experimental set. 

In four experiments the:cells were grown for 4 weeks. Fluid culture 
renewals were made three times weekly as previously described (7). At 
the time of planting and at weekly intervals thereafter three cultures 
from each experimental set were randomly selected, and the number of 
nuclei per culture was determined by the procedure for enumerating cell 
nuclei (2). Proliferation curves were drawn in which the averages of 
these determinations in numbers of cell nuclei per flask were plotted on 
a semilogarithmic grid against time of growth in weeks. 

In 13 additional experiments, cell nuclei were counted at the end of 
72 hours of growth, and in 1 of these experiments the numbers of nuclei 
were determined at 24-hour intervals. 

Photographs of the cultures were taken with the equipment and methods 
previously described (4). 


RESULTS 
SIZES OF INOCULUM FOR CULTURE PROLIFERATION 


The results of the study delimiting the sizes of inoculum for culture 
proliferation are presented in table 1. Fifty-seven cell suspensions were 
used to inoculate T-12 flasks with concentrations of cell nuclei ranging 
from 600 to 5,500,000 per ml. or 2.5 ml. of culture fluid per flask. A 
total of 525 of these cultures were grown for periods of 72 hours to 4 weeks, 
before the number of nuclei per culture was determined. A proliferating 
culture was considered as one in which the total number of nuclei after 
the period of growth exceeded the number of nuclei in the inoculum. 

When cultures were inoculated with as high a concentration as 5,500,000 
nuclei per flask, a slight increase to 6,500,000 nuclei per flask occurred in 
3 flasks randomly selected after the first week of growth, but all cultures 
after the second week of growth showed reduced numbers of nuclei. 

With one exception, all 382 cultures planted with inocula ranging from 
100,000 to 3,000,000 nuclei per flask proliferated. The one exception was 
a culture planted with 740,000 nuclei, which showed a drop to 530,000 
nuclei after 72 hours of incubation. 

Of 53 cultures planted with 50,000 to 100,000 nuclei per flask, all but 3 
proliferated. All 3 of these cultures were from the same experiment and 
were inoculated with 60,000 nuclei per flask. 

In 5 experiments, 78 cultures were planted with fewer than 50,000 
nuclei per flask. Of these 78 cultures, 38 failed to proliferate. The small- 
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est inoculum size that resulted in cell proliferation was 6,000 nuclei per 
flask ; of the 12 cultures planted, 1 proliferated. 

Cultures inoculated with low concentrations of cells that failed to pro- 
liferate generally showed a marked drop in numbers of cell nuclei soon 
after planting. By the end of the first or second week after inoculation, 
21 of the cultures had no healthy nuclei. 


TABLE 1.—Relationship of inoculum size to culture proliferation 








Number of | Number of | Number of | Percentage of 
Inoculum sizes in numbers of nuclei per flask suspensions lated and cultures ! pro- | cultures ! pro- 
counted liferating liferating 

aa aa 1 12 3 25 
1,000,000 to 3,000,000________-___-- 5 48 48 100 
500,000 to 1,000,000__..._.____--___- 11 123 122 99 
Ee G0 BI oe ecccesesens 24 211 211 100 
ESD, Oa 6 53 50 94 
(4 eae 7 42 27 64 
| Se eer ee 2 24 13 54 
Ne ic sclces aeecdind teases ng hace cedar 1 12 0 0 

















1 A proliferating culture is considered as one in which the number of nuclei after the period of growth exceeds 
the number of nuclei in the inoculum. 


INFLUENCE OF INOCULUM SIZE ON PROLIFERATION RATES 


The rates of proliferation in this study are the increases in average 
numbers of nuclei in the cultures at 24 hours, 72 hours, or weekly intervals 
after planting. 

At 24-hour intervals from the time of planting, the number of nuclei 
per flask was determined in one set of cultures inoculated with an average 
of 170,000 nuclei per flask. Although no increase in numbers of nuclei 
occurred during the first 24 hours, by the 48th hour the number of nuclei 
per culture had increased to 1.4 times the inoculum size. 

In 9 experiments the number of nuclei per culture was determined after 
72 hours of growth. The 155 cultures of these experiments were planted 
with 17 sizes of inoculum, ranging from 88,000 to 3,000,000 nuclei per 
flask. After 72 hours of growth the number of nuclei per culture had 
increased to 2 or 3 times the inoculum size. 

The changes in numbers of nuclei in cultures grown for a longer period 
than 72 hours are shown in the proliferation curves of the four 4-week 
growth experiments (text-figs. 1-5). Separate curves giving the maxi- 
mum and minimum determinations for each weekly average, and thus 
the range of variation for the third experiment, are presented in text- 
figure 4. Each point on a proliferation curve represents the average of 
determinations from 3 cultures, except in the few instances noted where 
a culture or suspension of nuclei was accidentally lost. In each of the 
4 experiments cultures were grown from 4 to 7 sizes of inoculum ranging 
from approximately 10,000 to 1,000,000 cell nuclei per flask. The maxi- 
mum inoculum size was increased in the last experiment to 5,500,000, and 
the minimum inoculum size was reduced to 600 nuclei per flask. 
960071—51——14 
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TEXT-FIGURE 1.—Proliferation curves of the first 4-week growth experiment. Each 
point represents the average of determinations on three cultures, with two excep- 
tions. The second and fourth week averages of experimental sets A and OC, 
respectively, were based on two cultures each. 


The size of inoculum appeared to influence the proliferation rate in 
the cultures during the first week after planting. As the inoculum size 
approached the minimum and maximum levels for proliferation in the 
cultures, the rate of proliferation tended to lower. In the first experi- 
ment (text-fig. 1) cultures planted with the lowest and highest inoculum 
sizes, 100,000 and 1,000,000 nuclei per flask, (sets A and D, respectively) 
showed lower proliferation rates than did cultures planted with inter- 
mediate inoculum sizes (sets B and C) ranging from 200,000 to 500,000 
nuclei per flask. Similarly, in the second experiment (text-fig. 2) the 
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TEXT-FIGURE 2.—Proliferation curves of the second 4-week growth experiment. Each 
point represents the average of determinations on 3 cultures, with 11 exceptions. 
All 5 points of experimental set E were based on single culture determinations. 
The 2d, 3d, and 4th week averages of experimental set F were based on 2 cultures 


each, and the 5th and 6th week averages of experimental set A were based on 
2 cultures each. 
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Text-FicukE 3.—Proliferation curves of the 8d 4-week growth experiment. Each 
point represents the average of determinations on three cultures, with two ex- 
ceptions. The Ist and 3d week averages of experimental sets D and B, respectively, 
were based on two cultures each. 


highest rate of proliferation was obtained in cultures planted with the 
intermediate inoculum size of 500,000 nuclei per flask (set B). With 
higher and lower inoculum levels (sets A, C, D, and E) the proliferation 
rate decreased. In the third experiment (text-fig. 3) the minimum size of 
inoculum for proliferation within the culture was considerably lower than 
usual. As the inoculum size approached the high level of 1,000,000 nuclei 
per flask (set A) the proliferation rate decreased. In the last experiment 
(text-fig. 5) cultures planted with the intermediate inoculum size of 
500,000 nuclei per flask (set B) showed the highest proliferation rate, 
and cultures planted with high and low inoculum sizes (sets A and C, 
respectively) showed lowered rates. 

During the second and third weeks of growth the rate of proliferation 
tended to be high if the number of cell nuclei at the beginning of the week 
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ranged between 100,000 and 1,000,000 per flask but tended to decrease as 
the number of cell nuclei exceeded 1,000,000 per flask. 

By the end of the third week all cultures that survived and were planted 
from different sizes of inoculum had reached approximately the same 
number of cell nuclei. This number varied in the different experiments 
from averages as high as 6,000,000 to 8,000,000 nuclei per flask in the first 
experiment (text-fig. 1) to as low as 2,000,000 to 3,000,000 in the last 
experiment (text-fig. 5). During the fourth week this number fluctuated 
slightly, decreasing in the third experiment (text-fig. 3), remaining ap- 
proximately constant in the first and fourth experiments (text-figs. 1 and 
5), and increasing slightly in the second (text-fig. 2). 

To follow the effect of cell degeneration on the proliferation curves, a 
limited number of cultures was carried in the second experiment (text- 
fig. 2) for 2 additional weeks, some with and some without the thrice 
weekly culture-fluid renewals. The cultures that had fluid renewals showed 
a slight drop in average numbers of nuclei per flask during the fifth week, 
but the cultures that had no fluid renewals disintegrated rapidly and con- 
tained no healthy cell nuclei by the end of the sixth week. 

Photomicrographs of representative cultures from experimental sets 
A, B, C, and D of the fourth 4-week growth experiment (text-fig. 5) are 
presented in figures 1-8. The changes in cell condition revealed in these 
photomicrographs may be correlated with the trends in proliferation 
curves. 

Cultures of set A were planted with 5,500,000 nuclei. By the end of 
the first week (fig. 1), crowding occurred. The cells were densely packed 
and rounded, and some cell necrosis was beginning. The average number 
of nuclei per flask at this time was 6,525,000. At the end of the fourth 
week of growth, these cultures had become extremely necrotic (fig. 2), and 
the average number of nuclei had dropped to 2,375,000. 

The cultures of set B were inoculated with an average of 602,000 nuclei 
per flask. At the end of the first week of growth the cells were not too 
densely packed and were in a healthier condition (fig. 3) than those of 
set A. The average number of nuclei per culture had shown an increase 
to 4,558,000. By the fourth week of growth, general necrosis and rounding 
of cells had occurred (fig. 4). At this time the average number of cell 
nuclei per flask had dropped to 3,303,000. 

Cultures of set C were planted with an average of 60,000 nuclei per 
flask. At the end of 2 weeks of growth these cultures showed numerous 
healthy cells (fig. 5). The average number of nuclei per flask was 





Text-FicureE 5.—Proliferation curves of the 4th 4-week growth experiment. Each 
point represents the average of determinations on 3 cultures, with 4 exceptions. 
The inoculum sizes of experimental sets C, D, and E were estimated from the dilu- 
tion factors used. Experimental set D was discontinued after the 2d week when of 
the 9 cultures, 7 had no cell nuclei, one had a count of 5,550 and one had pro- 
liferated to 48,470 nuclei. The 2d-week point is thus an average of determinations 
from 9 cultures. 
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1,233,000. At the end of 4 weeks of growth the average number of nuclei 
per flask had increased to 3,369,000. The cells were rounded and densely 
packed (fig. 6). 

Three cultures of set C and all but 1 culture of set D failed to proliferate. 
Cultures of set D were inoculated with an average of 6,000 nuclei per flask. 
These cultures after 1 or 2 weeks of incubation showed remnants of dis- 
integrated cells (fig. 7) or often a heavy precipitate on the cellophane 
substrate (fig. 8). 


MAxImMUM NUMBERS OF CELL NucLEI ATTAINED 


In all 4-week experiments (text-figs. 1-5) at least one experimental set 
of cultures attained an average concentration of 6,000,000 to 8,000,000 
nuclei per culture. This concentration was reached in cultures planted 
with inoculum sizes ranging from 100,000 to 1,000,000 nuclei per culture. 
Although this concentration was seldom maintained, the level of 6,000,000 
to 8,000,000 nuclei per culture appears to represent the maximum at- 
tainable in the T-12 flask under the culture conditions used. 


DISCUSSION 


The results of the present study define in terms of numbers of cell 
nuclei the sizes of suspension inoculum of strain L mouse cells that will 
proliferate in the T-12 flask under the culture conditions used. The data 
indicate that inoculum sizes of 100,000 to 3,000,000 nuclei per flask are 
reliable and adequate for proliferation within the culture. If the inocu- 
lum size averages 5,500,000 nuclei per flask, proliferation may not continue 
in the cultures after the first week of growth. If the inoculum size is 
reduced to less than 50,000 nuclei per flask, proliferation is variable. Ap- 
proximately 50 percent of the cultures may not survive or proliferate. 
Inoculum sizes ranging from 100,000 to 3,000,000 nuclei per 2 or 2.5 ml. 
of culture fluid per flask thus represent inoculum levels for reproducible 
culture proliferation. 

To grow the L strain of mouse cells originally from a single cell (2) 
the volume of culture fluid contained within the capillary segment was 
reduced to approximately 0.04 cu.mm. In an inoculum of 50,000 nuclei 
if all cells were mononucleated and evenly distributed throughout the 2 
or 2.5 ml. of suspension, each cell would be bathed by 0.04 to 0.05 cu. mm. of 
culture fluid. Since this volume of fluid corresponds to the volume ef- 
fective for single cell proliferation, the volume of culture fluid to be 
utilized and altered by each cell may be a critical limiting factor in de- 
termining the minimum numbers of cells that will survive and proliferate 
in cultures planted from suspensions. Any tendency of the cells to aggre- 
gate in small clumps would effectively reduce the volume of unaltered 
culture fluid bathing each cell, and would thus increase the probability of 
proliferation from low concentrations of cells. In the present study the 
variations between experiments in the minimum size of inoculum for 
proliferation may result from uncontrollable variations in cell aggre- 
gation, cell condition, or composition of culture fluid used. 

The size of inoculum appears to influence the rate of proliferation in 
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the cultures during the first week after planting. As the size of inoculum 
approaches the maximum or minimum levels for proliferation, some re- 
duction in rate occurs. The highest rate of proliferation was generally 
observed in cultures planted with an intermediate inoculum size. During 
the second and third weeks of growth, the proliferation rate tended to be 
high if the concentration of cell nuclei at the beginning of the week ranged 
between 100,000 and 1,000,000 nuclei per culture, and the proliferation 
rates decreased as the number of cell nuclei exceeded 1,000,000 per culture. 

Cuitures that survived and that were planted with graded sizes of inocu- 
lum all reached approximately the same concentration of nuclei by the 
third week of growth. This number of cell nuclei varied markedly from 
as high as 6,000,000 to 8,000,000 nuclei per culture in 1 experiment to as 
low as 2,000,000 to 3,000,000 in the last experiment. In the last experiment, 
the 12 culture fluid renewals were less complete than in the other 3 experi- 
ments, since 1 ml. or 40 percent of a 2.5-ml. volume of fluid was replaced, 
whereas in the other experiments 1 ml. or 50 percent of a 2-ml. volume of 
fluid was renewed. The increased cell necrosis and final drop in numbers 
of cell nuclei in the last experiment may have resulted from a more rapid 
accumulation of toxic products in the culture fluid. The differences be- 
tween the other experiments probably resulted from uncontrollable varia- 
tions in the lots of serum and embryonic extract used. In all experiments, 
however, the inoculum size, if adequate for proliferation, did not affect 
the final average size of culture attained. 

At least 1 set of cultures in each experiment reached the high concen- 
tration of 6,000,000 to 8,000,000 nuclei per culture, but in only 1 experi- 
ment was this level maintained. The results suggest, therefore, that a 
density of 6,000,000 to 8,000,000 nuclei per culture represents the maximum 
number of cell nuclei attainable in the T-12 flask under the culture con- 
ditions used. At this density of 6,000,000 to 8,000,000 nuclei per 2 or 2.5 
ml. of culture fluid, the volume of culture fluid per cell is approximately 
0.0003 to 0.0004 cu. mm. 

Several studies have been made of the influence of inoculum size on 
cultures of embryonic chick-heart fibroblasts (5-9). In all of these studies 
explants of varying size were planted in clotted chicken plasma. The 
areal spread of the cultures during periods of 48 hours to 12 days of cul- 
ture was followed by tracings from which measurements of area were 
obtained. The culture areas were then plotted against time, and from 
these curves the rates of culture spread were studied and compared. 

Certain general conclusions were drawn from these studies by the respec- 
tive authors: 1) The size of explant influences the rate of culture spread. 
The smaller explants that live show a greater relative increase in area 
in 48 hours than larger explants (9), but the “growth” of the smaller 
culture stops before that of the larger (7, 8). 2) The final size of the 
cell colony may be directly correlated with the size of the explants (5-8) 
although there appears to be some evidence that this effect may be elimi- 
nated by the addition of fresh chick embryonic extract in high concentra- 
tion (7,8, 10). 
960071—51——15 
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The second conclusion appears contradictory to that of the present 
study in which the final size of the culture in terms of numbers of cell 
nuclei could not be directly correlated with the size of inoculum. Cultures 
planted with graded sizes of inoculum that proliferated reached approxi- 
mately the same final concentration of cell nuclei. 

The data of the present study cannot be directly compared, however, with 
the data from these earlier studies because of the differences in methods of 
culture and measurement used. The following are a few of the differences 
in culture methods of the present study: 1) The substrate consisted of 
cellophane, a regenerated ‘cellulose, rather than clotted plasma, and cells 
grew on the surface of the cellophane rather than within the plasma 
matrix. 2) A pure strain of mouse cells derived from the division of a 
single cell was used rather than the heterogeneous cell types present in a 
fresh chick-heart explant or even in an explant of cultured chick-heart 
fibroblasts. 3) In the earlier studies no accurate estimate of the numbers 
of cells in the original explants could be obtained, whereas in the present 
study the numbers of cell nuclei in the inocula were enumerated. 4) 
Instead of an explant of closely-packed cells, the inocula of the present 
study consisted of suspensions of single cells or smal! cell clumps uni- 
formly distributed over the floor of the culture flask, and the culture grew 
from these hundreds or thousands of scattered cells or minute cell clumps. 
5) The measurements in the earlier studies were of culture area or spread, 
much of which resulted from cell migration. Increased culture area 
might result from centrifugal migration of cells from the central explant, 
increase in intercellular spaces, mitotic proliferation of cells, or increase 
in cell size. Decreased culture area might result from death of cells, 
decrease in cell size, migration toward the central explant, or decreased 
intercellular spaces. The culture area at any instant of time thus repre- 
sented the balance or resultant of these several opposing factors. In the 
present study, however, the measurements were of the numbers of cell 
nuclei within the cultures. An increase in the numbers of cell nuclei 
could result only from nuclear division. A decrease in the numbers of 
cell nuclei could result only from nuclear disintegration. The number of 
cell nuclei within a culture at any instant of time, therefore, represented 
a balance between the two opposing factors of nuclear division and 
nuclear disintegration, and the proliferation within the cultures, as re- 
corded by the enumerations of cell nuclei, represented the changes in the 
balance of these two factors. 


SUMMARY AND CONCLUSIONS 


Replicate cultures of a pure strain of mouse cells, originated from a 
single cell, were grown in T-12 flasks containing a perforated cellophane 
substrate and 2 or 2.5 ml. of culture fluid. In 4 experiments cultures were 
grown from varying sizes of inoculum for a 4-week period. At the time 
of planting and at weekly intervals thereafter, cultures were randomly 
selected, and the numbers of nuclei per culture determined by the pro- 
cedure for enumerating cell nuclei. Proliferation curves were drawn in 
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which the averages of these determinations in numbers of cell nuclei per 
flask were plotted on a semilogarithmic grid against time of growth in 
weeks. In 13 additional experiments, cell nuclei were counted at the end 
of 72 hours of growth. 

The data from these studies indicate that inoculum sizes of 100,000 to 
3,000,000 nuclei per flask are adequate for proliferation. If, however, the 
inoculum size is reduced to less than 50,000 nuclei per flask, proliferation 
is variable. Approximately 50 percent of the cultures may not proliferate 
or survive. If the inoculum level is as high as 5,500,000 nuclei per flask, 
proliferation may not continue in the cultures after the first week of 
growth. Inoculum sizes ranging from 100,000 to 3,000,000 nuclei per 
culture thus represent reproducible levels at which proliferation occurs. 

The size of inoculum appeared to influence the proliferation in the 
cultures during the first week after planting. As the inoculum size ap- 
proached the minimum and maximum levels for proliferation in the 
cultures, the rate of proliferation tended to lower. During the second 
and third weeks of growth, the proliferation rate tended to be high if the 
number of cell nuclei at the beginning of the week ranged between 100,000 
and 1,000,000, and the rates tended to decrease as the number of cell 
nuclei exceeded 1,000,000. Cultures planted with graded sizes of inoculum 
that proliferated reached approximately the same concentration of nuclei 
by the third week of growth. This concentration varied in the 4 
experiments. 

The results of this study suggest that 6,000,000 to 8,000,000 cell nuclei 
per culture represent the maximum number attainable in the T-12 flask 
under the culture conditions used. At this density of nuclei, the volume 
of culture fluid per cell is approximately 0.0003 to 0.0004 cu. mm. 
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PLATE 12 


Figure 1.—Culture of a pure strain of mouse cells originated from a single cell. 
This culture was randomly selected from set A of the fourth 4-week growth experi- 
ment (text-fig. 5), and was photographed 24 hours after the last fluid change and 
after 1 week of growth. The average number of nuclei per flask was 6,525,000. 

Note the rounded densely packed cells and the beginning of necrosis as indicated by 

the opaque cells and dark areas. X 200. 


Figure 2.—Culture of set A from the same experiment photographed 24 hours after 
the last fluid change and after 4 weeks of growth. The average number of nuclei 
per flask was 2,375,000. Note the many necrotic and disintegrating cells. 


xX 200. 
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PLATE 13 


Culture of set B of the fourth 4-week growth experiment. This culture 


FIGURE 3. 
was photographed 24 hours after the last fluid change and after 1 week of crowth 


The average number of nuclei per flask was 4,558,000. Note the healthy condition 


of the cells. 200), 


Figure 4.—-Culture of set B of the same experiment photographed 24 hours after 
the last fluid change and after 4 weeks of growth. The average number of nuclei 


per flask was 3,503,000. Note the general necrosis of cells 200. 
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PLATE 14 


Ficure 5.—Culture of set C of the fourth 4-week growth experiment. This culture 
Was photographed 24 hours after the last fluid change and after 2 weeks of growth. 
The average number of nuclei per flask was 1,233,000. Note the healthy condition 
of the cells. X 200. 


Fictre 6.—Culture of set C of the same experiment photographed 24 hours after the 
last fluid change and after 4 weeks of growth. The average number of nuclei per 
flask was 3,369,000. Note the densely packed, rounded cells. The area in the 


lower right suggests diffuse necrosis. * 200 
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PLATE 15 


Figure 7.—Culture of set C of the fourth 4-week growth experiment. This culturs 
failed to proliferate and was photographed 1 week after inoculation. Note the 
degenerating cells and cell debris. X 200. 


Figure 8.—Culture of set D of the same experiment. This culture failed to proliferate 


and was photographed 2 weeks after inoculation. Note the heavy precipitate o1 
the cellophane substrate. X 200. 
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QUALITATIVE COMPARISON OF THE 
GROWTH OF CHICK-HEART AND STRAIN 
L FIBROBLASTS PLANTED AS SUSPEN- 
SIONS ON PYREX GLASS AND PERFO- 
RATED CELLOPHANE SUBSTRATES *? 


Joun E. SHannon, Jr.,* and Witton R. Earte, National 
Cancer Institute,‘ Bethesda, Md. 


INTRODUCTION 


Chick-heart fibroblasts and strain L mouse fibroblasts planted as large 
explants have grown luxuriantly on a cellophane substrate but less luxu- 
riantly on a plane, pyrex glass substrate (7, 2,3). These same types of 
cells planted in the form of a suspension exhibited unusually rapid and 
luxuriant growth on a cellophane substrate of large area, that is up to 
160 sq. cm. (3). The facility in subcultivation and the excellent growth 
attained (4) suggested that use of a cell suspension for planting might 
lead to more satisfactory growth of cultures on a glass substrate. 

The purpose of this paper, therefore, is to describe the behavior of 
chick-heart and strain L fibroblasts when planted as cell suspensions on a 
pyrex glass substrate and on a perforated cellophane substrate. 


MATERIALS AND METHODS 


The culture medium consisted of 40 percent horse serum, 20 percent 
1:1 extract from 9-day chick embryos and 40 percent Earle’s saline as 
previously described (5). Culture flasks used were of either a modified 
Carrel D-3.5 type ® or, for large cultures, a type designated as the T-60 
design. This T-60 type flask has a surface area of approximately 60 sq. 
em. available for growth of the cells. All culture flasks were cleaned in 
acid and then thoroughly washed in distilled water as previously described 
(6). Cellophane used as a substrate for the cells was DuPont PT 62, 
thickness 450, with Beckley perforation design OC. This cellophane was 
prepared and sterilized as previously described (2). 

1 Received for publication April 18, 1951. 

2This article represents in part a thesis presented by the senior author to the faculty 


of The George Washington University in partial fulfillment of the requirements for the 
degree of Master of Science. 

*The senior author wishes to express his sincere appreciation to Dr. Ira B. Hansen, 
Professor of Zoology, The George Washington University, for his cooperation in the prepa- 
ration and presentation of this material as a thesis. 

* National Institutes of Health, Public Health Service, Federal Security Agency. 

5 Details of these designs will be published at a later date. 
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Two types of cells were used. The first was the strain of fibroblasts 
growing out from the freshly explanted 10-day-old embryonic chick-heart. 
The second was the strain L mouse cells of single-cell origin (7). 

Two series of studies were carried out with cells from fresh chick-heart 
and three with cells of strain L. With each series of cultures on glass 
substrate, control cultures were maintained on a cellophane substrate; 
the controls for the strain L cultures on glass substrate were the stock 
cultures maintained on a cellophane substrate. The general plans of the 
experiments on these two cell types are shown in text-figures 1 and 2. A 
detailed chart is not presented on the stock cultures used as controls. 

With both chick-heart fibroblasts and strain L cells a cell suspension 
was prepared. This suspension was then used for planting cultures on 
the pyrex glass floor of the culture flask, or on the perforated cellophane 
used. 

The strain L cells were obtained from stock cultures grown on cello- 
phane substrate in T-60 flasks. By scraping the cell sheets in these cul- 
tures with a platinum alloy spatula (4) or by shaking the cultures vigor- 
ously by hand, large quantities of isolated cells and small clumps were 
loosened from the cellophane and floated free in the fluid medium. Ina 
few instances, this coarse suspension was finally passed through an 80- 
or 150-mesh platinum alloy sieve (4) to remove large fragments. 

In starting the culture of chick fibroblasts, each chick-heart was re- 
moved from a 10-day embryo, cut into 4 fragments, and 1 fragment was 
planted under perforated cellophane in each Carrel D-3.5 flask. By the 
end of 22 days these cultures had proliferated luxuriantly, and the cell 
sheet had covered the floor of each flask. The cells from each of 3 D-3.5 
cultures were scraped from the cellophane sheet, by means of a platinum 
spatula, and the resultant suspension was combined to plant a single T-60 
flask culture. 

When an attempt was made to prepare a cell suspension from the chick- 
heart cultures in the T-60 flask, the cell sheet was so tough that it could 
not easily be broken up and dispersed into a suspension by the methods 
that had been employed for the strain L cultures. Larger fragments 
were teased apart or finely chopped by means of Bard-Parker No. 11 
knives. These methods were unsatisfactory, since the suspensions still 
contained many large fragments. In later experiments, small strips of 
24-mesh monel metal gauze were mounted in glass handles (text-fig. 3), 
and by rubbing a fragment of the cell sheet from the glass substrate 
culture between two of these rasplike instruments, the sheet was more 
effectively disintegrated into a suspension. 

The cell suspensions used in planting cultures of both cell types were 
prepared in supernatant fluid in which the cells had been growing for 
approximately 24 hours. Usually equal amounts of the prepared sus- 
pension were pipetted into each of two new T-60 flasks. In a few cases 
the entire suspension was pipetted into a single T-60 flask. The flasks 
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TEXT-FIGURE 3. 


were then rocked gently from side to side to distribute the cell suspension 
evenly over the floor of the flask. 

Fresh culture fluid was added three times weekly to all cultures. At 
the first fluid renewal after planting, no fluid was withdrawn from the 
newly explanted culture. Instead, additional nutrient fluid was added 
to increase the volume of fluid on the culture to 6 or 8 ml. During the 
following fluid changes, increasing amounts of old supernatant fluid were 
withdrawn from the culture and the volume of fresh nutrient fluid was 
gradually increased until, by the sixth fluid change, the total volume of 
nutrient fluid in the culture was 8to10 ml. This volume was maintained 
by complete replacement of the nutrient fluid at each fluid change during 
the subsequent life of the culture. 

At each fluid renewal, all chick-heart cultures were gassed with 5 per- 
cent CO, in air, for pH control. With the strain L cultures, no carbon 
dioxide was added to the gas in the flasks, since at the time of this study 
the stock cultures used as controls were not being gassed. 

Cultures sacrificed for study were fixed and stained according to meth- 
ods previously described (8). 


RESULTS 
CHICK-HEART FIBROBLASTS ON CELLOPHANE SUBSTRATE 


In the cellophane substrate cultures, chick-heart fibroblasts showed a 
rapid and luxuriant proliferation of cells. When planted as a suspen- 
sion, the cells were distributed over the floor of the flask either as small 
cell aggregates or as isolated cells. With the progressive growth of the 
cells on the cellophane, each aggregate of living cells served as a focus of 
growth, and the spaces between these small clumps were filled in by cell 
migration and proliferation. Within the first week the cellophane was 
covered by a thin sheet of cells, which became increasingly dense (fig. 1) 
and gradually formed a tenacious sheet of tissue containing a large amount 
of intercellular material (fig. 2). With this thickening, the cell sheet 
became increasingly tough or leathery in consistency. Consequently, it 
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became more difficult to prepare cell suspensions from the sheet for plant- 
ing new cultures. 

As the cell sheet became thicker, the perforations of the cellophane 
gradually became sealed by the cells. Later, small perforation of the cell 
sheet began to appear (fig. 1). These first occurred in the parts of the 
sheet lying between the perforations of the cellophane (fig. 3). These 
perforations of the cell sheet became increasingly confluent and numer- 
ous. Thus the culture gradually took on an elaborate lacelike appearance. 
The periphery of each of the perforations in the cellophane was fringed 
by a dense, narrow margin of cells, while from these cellular annulae 
slender trabeculae and strands of cells interconnected with other cell 
strands and masses. This lacelike design regularly appeared in extensive 
areas of cellophane substrate cultures of the chick-heart maintained for 
such extended intervals as 30 to 60 days. No such structures were observed 
in either the chick-heart cultures on the glass substrate or in any of the 
strain L cultures. 

Diffuse necrosis began to appear in a few cultures that were continued 
for 30 days or longer in the same flask. The extent of this necrosis was 
so severe in older cultures that, upon transfer of their cells to new culture 
flasks, growth was poor. Transplantation from even these very old cul- 
tures, however, showed that many of the cells were viable and capable of 
resuming rapid proliferation. 

The study of the chick-heart fibroblasts on cellophane was closed at 
approximately 160 days, after which time the surviving cultures were 
fixed and stained for study. 


CuicK-HeartT FIBROBLASTS ON GLASS SUBSTRATE 


When cell suspensions of chick-heart fibroblasts were planted on the 
glass floor of the flask, cell proliferation was luxuriant. The cells rapidly 
covered the glass surface and filled in the spaces between the cell aggre- 
gates. When the floor was covered the cell sheet became increasingly 
thicker (fig. 4). While no quantitative studies were made, growth on the 
glass substrate appeared comparable in density to that on the cellophane 
substrate. 

In a young culture (e. g., 10 days after planting), the thin, continuous 
cell sheet was so tough that if one edge was picked up by means of forceps 
or spatula, the entire sheet could be stripped from the glass substrate. 

Slight retraction of the edges of the cell sheet often occurred (fig. 4), 
even when cultures were carefully handled. With rough handling, shak- 
ing, or chilling, retraction and distortion of the cell sheet became severe, 
and sometimes the sheet actually pulled free from the glass substrate so 
that the culture had to be discarded. 

Although no detailed study was made of the fibrillar structure of these 
cell sheets on cellophane or on glass, routine microscopic examination 
showed that the sheets consisted of living cells interspersed in a mass 
of fibrillar material (fig. 2), which when fixed and stained in hematoxylin 
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and Van Gieson’s picro-fuchsin stained brilliantly with the acid fuchsin. 
Since the nature of the fibers was outside the scope of this study, their 
examination was not carried further. 

When this cell strain had been carried about 100 days on glass, a great 
deal of mechanical difficulty was experienced in disintegrating the cell 
sheets sufficiently to prepare cell suspensions. Even when the sheet was 
chopped with knives, the amount of material lost was very great and the 
cell injury resulting from the rough handling must have been severe. The 
crude methods used to break up the cell sheet were so unsatisfactory that 
relatively few of the cells from any culture selected for transfer were 
actually carried over into the next culture generation. Much of the 
fibrous sheet was left on the rasps or was in such stringy masses that it 
had to be discarded. As a result of the long-continued manipulation in 
planting, the number of bacterial infections of cultures was high. Con- 
sequently, at 130 days of culture life this series of cultures was in poor 
condition. Since it had been demonstrated that massive cell sheets could 
be grown on glass substrates, the series was closed at approximately 160 
days. 


Srrarn L CELLs ON CELLOPHANE SUBSTRATE 


The luxuriant growth of the strain L cultures on cellophane substrate 
(1,2, 3) occurred also in the present study. In cultures that were allowed 
to continue without transfer for extended intervals in one flask, the cell 
sheet became so thickened that it suggested in appearance a thin sheet 
of chamois leather or a heavy bacterial pellicle. These densely cellular 
sheets were extremely friable and were easy to handle for transplantation, 
since a cell suspension could be prepared from them by merely vigorously 
shaking the culture by hand. 

At no time was there any evidence of perforation in the cell sheet com- 
parable to that seen in the chick-heart fibroblast cultures on cellophane, 


nor was there any evidence of retraction of the cell sheet from the cello- 
phane. 


Strain L CELLs on GLAss SUBSTRATE 


Within a few hours after the cell suspension was first inserted into the 
culture flask, a large number of the cells had successfully anchored onto 
the glass surface of the floor. By the time the first fluid was withdrawn 
from the culture at 3 to 4 days after planting, the cells were so securely 
anchored that by avoiding undue chilling or mechanical agitation rela- 
tively few came loose from the glass. 

Growth of the cultures continued luxuriant (figs. 5, 6, and 7). The 
cell sheet became increasingly dense, thicker, and more opaque, appearing 
like a thin sheet of chamois. As the sheet became thicker, diffuse necrosis 
became more severe. Even with a 270-day-old culture however, transfer 
of material from the cell sheet showed a great number of cells still able 
to reassume a rapid state of proliferation, and if an area of the culture 
was scraped clear of cells the area was rapidly filled in by cell prolifera- 
tion and migration comparable to that shown in figure 8. 
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In cultures up to about 1 month of age the cells could be partially or 
completely shaken loose from the glass; with older cultures the cell sheet 
could not be completely removed from the glass, even by vigorous shaking. 
With very old cultures the superficial layers of cells could be shaken free 
from the cell sheet, leaving a thin continuous sheet of cells still adherent 
to the glass. With old cultures there was no spontaneous retraction or 
loosening of the cell sheet at its edges, nor did the sheet show perforations 
such as were seen with the chick-heart fibroblast cultures on cellophane 
substrates. 


DISCUSSION 


In the selection of cell types for this work, the chick-heart fibroblast was 
chosen as one well known to most tissue-culture workers and as a cell 
type that grows well in a plasma matrix and under cellophane, but which 
has shown only very limited growth on glass by large explant culture 
methods (7,3). The pure strain of L cells was chosen because it grows 
luxuriantly in plasma and on cellophane, but has given very poor results 
in cultures prepared from large explants planted on a glass substrate 
(1, 3). 

In earlier studies with both cell types (7, 3), most of the explants 
washed off. Even when the large explants did remain attached to the 
glass, growth was not satisfactory. Much of the poor growth appeared 
to be due to attrition of the culture, which resulted from cells washing off 
from the substrate and subsequently being lost at the next fluid change; 
loss of cells was so severe that final death of the culture probably resulted 
from the inability of the few remaining cells to adapt the surrounding 
fluid medium to their needs. 

In the present study, the cultures have been started from a dense cell 
suspension evenly distributed over the whole surface of the flask, rather 
than from only one or several large clumps of cells. Under these condi- 
tions it appears possible for the many small aggregates of cells to alter 
more effectively the surrounding medium to the degree necessary for 
rapid cell proliferation; thus, each of the small aggregates becomes a 
separate focus of growth. Upon initiation of cell division and migration 
the spaces between the many separate foci are filled, and within a short 
time the entire floor of the culture flask is a continuous sheet of cells. 

By preparation of the cell suspensions in limited volumes of culture 
medium during the period of rapid cell proliferation in the parent cul- 
tures (7) an attempt was made to give the cells more favorable conditions 
of growth than had prevailed in cultures of the older study. Cell loss at 
fluid change was minimized by careful handling of the culture to avoid 
knocking or washing the cells from the substrate. 

By the methods described it has been possible to continue growth and 
subculture of the chick-heart fibroblast for 160 days on the pyrex glass 
surface of the culture flask. It appeared that this glass substrate would 
continue to support growth of the cells for an indefinite period. How- 
ever, for satisfactory quantitative work with the chick-heart fibroblast 
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strains, better methods of preparing cell suspensions for planting cultures 
will be necessary. 

With the strain L cultures of single-cell origin there was no difficulty 
in disintegrating the friable cell sheets into fine cell suspensions, and 
as a consequence only a small percentage of cells was lost in transfer. 
Luxuriant cell sheets were routinely obtained in cultures of this cell strain. 
Cultures are still being continued (January 1951) in growth on glass 
substrate after more than 450 days of consecutive transfer. It appears 
that this luxuriant growth on the pyrex glass substrate can be routinely 
continued for an indefinite period. 

During the period of rapid proliferation of the chick-heart fibroblasts 
and throughout the course of study of the strain L cells, the population 
density of the cells in the glass substrate cultures appeared comparable to 
that in the control cellophane substrate cultures. Further, with both 
strains, cell loss from the glass into the supernatant fluid appeared to be 
relatively slight, and was certainly not so great that it interfered with 
growth of the cell sheet on the glass. Quantitative studies are still needed, 
however, to determine whether the proliferation on the glass substrate was 
actually as active as that on the cellophane, and to determine whether 
in quantitative studies the glass surface substrate cultures can be handled 
with an accuracy that has been demonstrated as practicable with the 
cellophane substrate cultures (4, 9). 

In considering the role of the cellophane sheet in the early life of the 
culture, the concept has previously been advanced that the overlying cello- 
phane sheet might restrict diffusion of the medium directly around the 
cell, and so might more readily alter or “condition” the local culture fluid 
to its needs. In this way the cellophane might behave in a manner com- 
parable to the capillary tube used in the growth of the single isolated 
tissue cell (7). Further, at each renewal of the nutrient fluid in the cul- 
ture, some of the old fluid is left in the hydrophilic cellophane and between 
the cellophane and the glass, and this residual “conditioned” fluid may 
also help the cell in adjusting to the new medium. However, the design 
of the present study and the experimental observations made were not 
such as to test this concept. 

The data obtained did appear to clarify certain other roles of the cello- 
phane substrate. There was no evidence from the present study that the 
cells of either strain showed any initial preferential attachment for the 
surface of the cellophane rather than the glass. With both cell types it 
appeared that the cellophane sheet did tend to hold more securely in posi- 
tion the cells and cell aggregates lying beneath it. As a consequence, in 
the cellophane substrate cultures, the cells beneath the cellophane sheet 
were less easily shaken loose by mechanical agitation of the culture than 
were the cells in cultures that contained no cellophane. Further, since 
there was a threefold greater surface in the cellophane cultures to which 
the cells could possibly attach themselves, it appeared that in the event of 
mechanical agitation of the cultures the number of cells that remained 
attached to some available surface was greater in the cellophane substrate 
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cultures than in the glass substrate cultures. In these respects, the young 
cultures that contained cellophane appeared to have an advantage over 
those containing no cellophane, 

With older cultures of strain L, the cell sheet was extremely friable, and 
on agitation was easily disintegrated; however, the cell sheet did appear 
to adhere slightly better to the cellophane than to the glass. Although 
there was no indication that the cells could adhere to the smooth portion 
of the cellophane sheet any better than to the glass, there appeared to be 
more effective adhesion of the cells to the roughened surface at and around 
the perforation in the cellophane sheet. 

With the older cultures of chick-heart fibroblasts adhesion to the glass 
was so poor that the edge of the cell sheet invariably separated from the 
substrate. Unless handled with great care the cell sheet often separated 
completely from the glass, retracted, and was lost. On cellophane, how- 
ever, anchorage of the cell sheet to the substrate was so secure that even 
though the sheet became riddled with perforations and finally became 
areolar in structure, there was no instance of the cell sheet pulling loose. 
Even in actual dissection of the culture the cell sheet was difficult to detach 
from the cellophane. As with the strain L cultures, the points of strongest 
attachment of the sheet to the cellophane appeared to be at the perforations 
of the cellophane sheet, and to the rough edges around these perforations. 

With the older cultures of both cell strains the relations of the cell sheet 
to these perforations suggested that in addition to the cells adhering to 
the rough edges of the perforation, another mechanism of anchorage of 
the cell sheet to the cellophane occurred that was particularly effective 
in the case of the tough chick-heart fibroblast sheet. In numerous cultures, 
cells of the cell sheet extended into the cellophane perforations, filled 
them, and emerged and extended out on the opposite side of the cellophane 
sheet. In this manner the cell sheet formed a “plug” through the perfora- 
tion, with the cell sheet expanding over the surface of the cellophane on 
both its upper and lower surfaces. These “plugs” would appear to serve 
as strong attachments of the cell sheet to the cellophane. In fact, such a 
“plug” would appear to have an action very similar to that of a rivet 
securing the cell sheet to the cellophane. Carrying the analogy further, 
particularly with the densely fibrous sheet from the heart fibroblasts, 
such a “riveted” structure would probably be able to withstand relatively 
great lateral shear forces between the cellophane sheet and the cell sheet, 
such as might result from any tendency of contraction of the cell sheet. 

These observations and concepts on the role of the cellophane sheet 
indicate that the overlying perforated cellophane sheet is advantageous 
to the establishment and growth of one or several large explants of the 
cell types studied. Once the culture has been thus established and a 
dense cell population obtained, a cell suspension prepared from the culture 
may then be transferred to a glass substrate. 

The cause of the multiple perforations of the cell sheet in chick-heart 
fibroblast cultures on cellophane is not indicated by the data obtained. 
These cell-sheet perforations first appeared in areas lying between the 
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cellophane perforations, in which areas the cell sheet was probably 
thinnest. Since the cell sheet was so firmly attached to the rough periph- 
ery of the cellophane perforations, once a perforation of the cell sheet 
had occurred, the retraction of the elastic cell sheet toward these centers 
of secure attachment would act to produce the netlike design observed. 
Since this netlike design is remarkably suggestive of areolar connective 
tissue, and is largely fibrous in structure, it appears to justify additional 
investigation from the point of view of the developmental mechanics of 
areolar connective tissue. 


SUMMARY AND CONCLUSIONS 


Qualitative comparisons were made of the growth of chick-heart fibro- 
blasts, and strain L cells of single-cell origin, planted as cell suspensions 
on pyrex glass and on perforated cellophane substrates in T-60 flasks. 

The manner of action of the perforated cellophane sheet is discussed. 
The observations and concepts on its role as a substrate for the growth of 
cells, presented in this study and in previous papers, indicate that an over- 
lying perforated cellophane sheet is advantageous to the establishment 
and growth of one or several large explants of the cell types studied. Once 
the culture has been thus established and a dense cell population obtained, 
a cell suspension prepared from the culture may then be transferred to a 
glass substrate. 

By the use of cell suspensions for planting the cultures it was possible 
to grow cultures of large area, and to subculture both cell strains on 
either substrate. 

The growth of the cell sheets formed by the chick-heart fibroblasts on 
both perforated cellophane and on glass substrates was luxuriant. Cell 
density on glass substrate appeared comparable to that with a cellophane 
substrate. The cell sheet contained a great deal of fibrillar material and 
by methods tried was difficult to use as a source of cell suspension for 
planting of other cultures. This strain was therefore carried for only 
about 160 days. 

Growth of the strain L cells was luxuriant. The cell proliferation and 
density of cell sheets on glass appeared comparable to those with per- 
forated cellophane. The cell sheets were so friable as to allow preparation 
of excellent cell suspensions. This strain is still being continued on glass 
substrates after 450 days (January 1951). 

The luxuriance of growth and ease of handling of the strain L cells 
on glass indicate that use of a plane glass substrate is satisfactory for the 
routine growth of this cell type planted from cell suspensions, and should 
be further studied for possibilities of use in quantitative work with 
replicate cultures. 
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PLATE 16 

Fieure 1. 
flask. 

iron hematoxylin. 


Chick-heart fibroblast culture growing on perforated cellophane in T-60 
The culture was fixed 149 days after planting and was stained in Earle’s 
The cell sheet has covered the cellophane and in some areas 


Near the top and bottom of the flask areas 
of perforation of the cell sheet may be seen. X 1.2. 


has obscured its perforation design. 
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PLATE 17 
Figure 2.—Portion of the cell sheet from a 56-day chick-heart 
hematoxylin and Van Gieson’s picro-fuchsin 
lightly stained to show. 


fibroblast culture 
stained in 


The cell nuclei are to 
Note the deeply (red) stained fibrillar material. =) 
"IGURI Area of living chick-heart fibroblast culture growing on perforated cell 
phane in T—60 flask, 32 days after planting. The occurrence of perforation of 
the cell sheet on the spaces between the cellophane perforation is shown. At the 
left, the perforation is less advanced, and the origin of the perforations in the cel 


sheet between the cellophane perforation is more easily seen 


At the right the cell 
sheet has been reduced to an areolar network joining the cellophane perforations 
K 20. 
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PLatTe 18 


Ficure 4.—Thirty-nine-day-old living, unstained chick-heart fibroblast culture, grow 
ing in a T-60 flask. Note the thick cell sheet in the flask and the retraction of the 
sheet along its lateral edges. X 1.1. 


Figure 5.—Living, unstained 295-day-old culture of strain 


L, cells on glass. The 
cell sheet near the cone-shaped tip of the flask was scraped away 5 days earlier 


At the same time the cross-shaped area in the center was scraped clear of cells 


Although not shown in this photograph, both of these cleared areas have already 
been covered by a thin 


sheet. X 1.2. 


sheet of cells migrating out from the massive cell 
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PLATE 19 


Figure 6.—Photograph of living, unstained cell sheet in 25-day-old strain L sheet 


on glass to show evenness of the cell distribution. Compare with figure 3 K 20 


Ficure 7.—Photograph of living, unstained cell sheet in a 46-day culture of strain L 


on glass. Note the varied cell shapes and freedom from necrosis x DW. 
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PLATE 20 


FiGURE 8.—Photograph of the edge of the living, unstained cell sheet of a 30-day 


old strain L culture on glass, 5 days after a clear area comparable to the cross 


in figure 5, has been scraped through the sheet. This picture shows the rapid 


migration of cells of the massive sheet out into the cleared area. Note variation 
in cell size x 200. 
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GROWTH OF ANIMAL TISSUE CELLS ON 
THREE-DIMENSIONAL SUBSTRATES ' 


Witton R. Ear_e, Epwarp L. ScHILLING, and JoHN E, 
SHANNON, Jr., National Cancer Institute; Bethesda, Md. 


INTRODUCTION 


Earlier work has shown that tissue cultures covering large areas can be 
grown using a plane substrate of perforated cellophane as a support for 
the cells (7). As a later development of this work, it was found that by 
planting cultures from cell suspensions, luxuriant sheets of cells can also 
be obtained using only the pyrex glass surface of the flask as a substrate 
for the cells (2). In these cellophane or glass-surface substrate cultures, 
the cells are adherent to the surface of the substrate and form a thin film on 
its surface. 

These plane-surface substrate methods of culture have allowed the 
growth of much larger areas and quantities of cells than have been prac- 
tical when the cells were grown in a thin layer of plasma gel; however, 
the question has arisen whether or not the plane-surface substrate could be 
substituted by some type of fabricated three-dimensional substrate, to 
the surfaces of which the cells might attach, and through the interstices 
of which a nutrient fluid might be circulated. 

In a preliminary exploration of this problem, two general types of 
substrates have been studied. The first consisted of sheets of perforated 
cellophane so folded as to provide a large surface, lying in three dimen- 
sions, for anchorage of the cells. The second consisted of a mass of 
fabricated glass particles shaped so that they presented large areas 
of surface to which the cells could attach, and yet shaped so that they 
allowed free passage of fluid and gas through the matrix mass. 

In the present paper the proliferation of mouse cells in cultures con- 
taining these three-dimensional substrates is reported. 


MATERIALS AND METHODS 
The pyrex glass culture vessel used is shown in figures 1 and 2. It con- 
sisted of a lower chamber (A) in which the cells were to be grown, an up- 


per chamber (B) that served as a fluid reservoir, and a connecting tube 
(C) that passed from the bottom of the upper chamber to the bottom of 


* Received for publication April 26, 1951. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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the lower. A gas inlet (D) and outlet (E) were provided in the lower 
and upper chambers, respectively. Each of these gas openings was bac- 
teriologically protected by means of a cotton filter. The lower chamber 
also had an aperture (F) through which the nutrient fluid could be 
changed. 

Gas was provided from a high-pressure cylinder of 5 percent carbon 
dioxide in air. This cylinder was fitted with a Hoke 2 stage pressure 
reducer, and an electrically operated rotary gas valve, so that 4 times each 
hour the gas entered the gas inlet of the culture vessel at 114 to 2 p. s. i., 
and continued to flow for 4 minutes. During this time the fluid medium 
was forced up the connecting tube into the upper chamber. At the end 
of 4 minutes the rotary valve released the pressure and the fluid returned 
to the lower chamber. In this way a simple periodic circulation of the 
culture fluid was achieved. 

Culture fluid used in all studies consisted of 40 percent filtered horse 
serum (3), 20 percent embryo extract, 1:1, from 9-day chicks, and 40 
percent Earle’s saline solution (2). Thrice weekly approximately half 
the nutrient medium in the culture was withdrawn and centrifuged at 
1,500 r. p. m. for 20 minutes. The supernatant was pipetted off; the cells 
were resuspended in fresh nutrient fluid, and returned to the culture. 
Sufficient nutrient fluid was then added to maintain the total volume at 
its original level. 

Two types of cells were used. In one experiment (1108) the culture 
was grown from a strain of cells originally explanted from the liver of a 
2-day-old mouse in April 1948, and maintained in culture in a horse-serum, 
chick-embryo-extract culture fluid since that time.’ The remainder of 
the experiments were carried out with the strain L cells, which were grown 
from a single isolated cell originally removed from the subcutaneous con- 
nective tissue of a mouse (3, 4). All cells used had been maintained in 
T-60 flasks* on either cellophane or plane-glass substrates. Cell sus- 
pensions prepared from these T-60 flask cultures by methods essentially 
similar to those previously described (5) were used in planting all experi- 
mental cultures of the present study. 

The number of cells implanted into each culture was estimated by enum- 
eration of the cell nuclei in aliquots of the cell suspension used. This 
enumeration was carried out by methods previously worked out in this 
laboratory (6), in which the cells were treated with a special citric acid- 
crystal violet solution, and the liberated and stained nuclei were enum- 
erated in a hemocytometer. At the close of each experiment, the culture 
fluid, the culture matrix, and the interior of the culture vessel were all 
treated with the citric acid-crystal violet solution, and the final number of 
nuclei in each culture was likewise determined by enumeration in aliquots 
of the suspension. 


*This cell strain is identified as 721. Its detailed description will be published at a 
later date. 


* This type culture flask will be described in detail at a later date. 
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The general behavior of the cells in the cultures with respect to adhesion 
to the substrate was followed by means of a Bausch & Lomb, model 
SSRKT, binocular dissecting microscope, mounted so that the cultures 
could be observed without removal from the incubator. 

In the first series of studies, including experiments 1081, 1096, 1108, and 
1123, the three-dimensional substrate consisted of a strip of perforated 
cellophane 31% inches wide (90 mm.) and from 65 to 80 inches-(1,650 to 
2,000 mm.) long. This was threaded at four places along its width with 
a continuous glass thread,® which extended the length of the cellophane 
sheet, and which passed through perforations in the sheet. The cello- 
phane sheet was accordion-folded to give from 60 to 80 folds, each ap- 
proximately 1314 inches (25X90 mm.) in size. When folded in this 
way the elastic fiberglas thread helped to keep the layers of cellophane 
slightly separated from each other to prevent them from adhering. This 
tolded strip of cellophane was then placed in the culture vessel with the 
long axis of each fold vertical. 

In the second series of studies, including experiments 1168, 1167, and 
1169, a glass particulate three-dimensional substrate was used. In the 
first of these three experiments, the lower culture vessel was packed 
with randomly oriented 6-mm. lengths cut from 6-mm. diameter glass 
tubing. In the later experiments the culture vessel was packed with 
14-inch (approximately 3.2 mm.) diameter glass helices, made from 
14-mm. rod (figs. 3 and 4). 


lm 
EXPERIMENTAL 


Experiment 1081, The culture was implanted March 16, 1949, with 
80 ml. of culture fluid that contained cells equivalent to a total count of 
18,226,800 nuclei. The substrate was an 80-fold strip of cellophane. 
When examined several days later, many cells were adherent to the sur- 
face of the cellophane. Some cells had settled to the bottom of the 
culture vessel; others were adhering to the glass surface of the vessel. 
At 21 days both upper and lower culture vessels, and the cellophane sheets 
were treated with citric acid-crystal violet solution for enumeration of the 
cell nuclei. The total final nuclear count was estimated to be 100,000,000 
or approximately a 5-fold increase in the number of nuclei. 

Experiment 1096. The culture was implanted May 6, 1949, with 85 ml. 
of culture fluid, which contained cells equivalent to a total count of 
57,176,100 nuclei for the inoculum. The substrate was a 60-fold strip of 
cellophane. During the life of the culture many cells were seen on the 
surface of the culture vessel. Enumeration of the nuclei at 55 days 
showed a total of 286,310,000 or a 5-fold increase. 

Experiment 1108. The culture was implanted May 24, 1949, with 85 ml. 
of culture medium, which had a nuclear count of 289,636 nuclei per milli- 
liter, or a total of 24,619,060 nuclei for the inoculum. Strain 721 liver 
cells were used, and the substrate was a 60-fold strip of cellophane. The 


® Obtained from Fiberglas Corporation, Toledo, Ohio. 
960071—51 21 
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culture was maintained for 78 days; during this time there was some 
settling of the cells but many adhered to the surface of the cellophane 
and some to the culture vessel. The final enumeration of the nuclei 
showed a total of 68,966,436, or a 2.8-fold increase. 

Experiment 1123. The culture was implanted June 27, 1949, with 
85 ml. of culture fluid which contained cell suspension equivalent to 
114,240 nuclei per milliliter, or a total of 9,710,400 nuclei. The substrate 
was a 60-fold strip of cellophane. Examination during the life of the 
culture showed many cells on the cellophane surfaces and on the glass 
vessel wall. The culture was continued 53 days, at which time the nuclei 
enumerated were 82,734,960, or an 8.5-fold increase. 

Experiments 1168, 1167, and 1169. These cultures were planted Octo- 
ber 13, 1949. Culture flask 1168 was packed with 6-mm. lengths of soft 
glass tubing; flasks 1167 and 1169 were packed with glass helices. Each 
culture was implanted with 90 ml. of culture medium, which contained 
cells equivalent to 399,595 nuclei per milliliter. This gave each culture 
flask a number of cells equivalent to 35,963,550 nuclei. 

The optical clarity of culture 1168 was much better than had been seen 
in cellophane cultures. When the pieces of substrate tubing were rela- 
tively vertical, the cells tended to fall off both inner and outer surfaces. 
When the pieces of tubing lay relatively horizontal, the cells tended to 
fall off the upper inside surfaces, and to collect in loose masses at the 
bottom of the inside surfaces of the tubing and at the bottom of the 
culture vessel. In spite of this, cells were seen adhering to the inner and 
outer surfaces of the tubing and forming thin sheets on the surfaces. The 
culture was treated with citric acid-crystal violet solution after 47 days. 
Enumeration showed 29,424,576 nuclei. This was a slight decrease from 
the number of nuclei in the original inoculum. 

Culture 1169 showed far less settling of the cells to the bottom of the 
flask than any of the preceding cultures. The optical clarity of the prep- 
aration was much better than with the cellophane substrate. At 37 days 
the culture was fixed in formalin-dichromate and stained in Earle’s hema- 
toxylin (7). Microscopic examination of helices taken from various 
parts of the substrate mass showed well stained cells, singly and in small 
sheetlike areas, adherent to the surfaces of the helices. A considerable 
part of the surfaces of the helices was covered by cells. 

When culture 1167 was examined at various times during its life, it, 
too, showed far better optical definition than with the cellophane sub- 
strate cultures. There was also less settling out of the cells in the bottom 
of the culture vessel. Areas of cells were seen on the surfaces of the 
helices, and in instances where two helices were in contact, the cell sheet 
was frequently continuous from one helix to the other. 

The culture was treated with citric acid-crystal violet solution at 47 
days. After shaking and washing the helices in several changes of acid, 
examination under the microscope showed quantitatively complete re- 
moval of the cells from the glass surfaces. Enumeration showed a 
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TEXT-FIGURE 1.—Initial and final numbers of nuclei in each experiment, shown on a 
semilogarithmic grid. The two points in each experiment have been joined by a 
straight line. 


total of 174,283,200 nuclei, a 4.8-fold increase over the number originally 
implanted. 

The increase in the number of nuclei enumerated during the course of 
each experiment is shown in text-figure 1. 


DISCUSSION 


At various times attempts have been made to maintain organs or 
organ systems viable outside the body by using their preformed circula- 
tory channels for the circulation of a nutrient fluid (8). When attempts 
were made to maintain and grow animal cells and tissues rather than whole 
organs in vitro, it was impossible or impractical to rely on preformed 
channels for circulation of nutrient. Instead, the simplest mechanism 
for insuring adequate exchange of metabolites between the cells of the 
culture and the nutrient culture medium was to keep the dimensions of 
the culture so limited that exchange of metabolites could occur by dif- 
fusion. Thus, the typical tissue culture has consisted of a relatively 
thin layer of cells adherent to a surface or embedded in a thin layer of 
gel, such as plasma, and nourished by a supernatant layer of nutrient 
culture fluid, which was periodically renewed (9). Gaseous exchange 
between the cells and the gas within the culture vessel occurred either by 
diffusion or through the fluid layer overlying the cells. In instances this 
interchange of metabolites was assisted by some type of circulation of the 
culture fluid, such as was obtained by rotation of the culture vessel (10). 
By thus keeping the culture in the form of a thin sheet on the surface of 
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a relatively plane surface substrate, cultures covering large areas could 
be grown (/). 

In the present study an attempt has been made to build up a three- 
dimensional matrix to the surfaces of which the cells can adhere, and 
through the channels of which the nutrient fluid can be circulated. It 
appears necessary or desirable that the satisfactory three-dimensional 
matrix have the following characteristics: 

1) It should be reasonably inert chemically. 

2) It should have internal mechanical strength adequate for support 
without undue deformation under the conditions of use. 

3) It should have a reasonably reproducible structure, and surfaces to 
which the cells may attach. 

4) The structure of the matrix should be such or be so oriented that cells 
loosened from it do not tend to fall away from all surfaces of attachment 
so that they can no longer anchor themselves. 

5) The surface of the matrix that can be used by the cells for attach- 
ment should be as great as possible. 

6) The matrix should have an open structure such as to allow free 
circulation of fluid and gas throughout its volume. 

7) The cells should be recoverable from the matrix. 

8) The matrix should be practically and economically obtainable. 

If, after implantation of cells on such a matrix, a flow of nutrient is 
maintained through its channels at such low velocity as not to disturb 
the cells, but with sufficient rapidity to maintain the cells in contact with 
fresh medium, it would appear that the surface of the substrate should 
become coated with cells just as the surface of a plane glass substrate is 
coated. Further, it would appear that the limiting thickness of the cell 
sheet attained should be under control of factors in the main comparable 
to those controlling the coating and proliferation of cells on plane sub- 
strates. 

Certain of the substrates so far studied fall short of fulfilling these 
characteristics. The cellophane in particular was unsatisfactory because 
it lacked mechanical strength and deformed badly under the conditions 
of use; the sheets tended to adhere to each other, and when the sheets 
were situated vertically the cells attached to the sheets less effectively, 
became detached and fell to the bottom of the culture vessel. A coarse 
glass wool in which each fiber was of rigidity adequate to maintain its 
position in the matrix without blocking the flow-channels was excellent 
in many respects, but it was difficult or impossible to get the cells out from 
such a matrix. 

Of the various general types of matrices so far studied the best appears 
to be one made up of shaped glass particulate forms. Of the two forms 
studied, the tubing appeared to be unsatisfactory for work on the present 
scale. The glass helices offer a matrix which warrants further study. 

In enumerating the normal appearing nuclei at the end of each experi- 
ment, considerable cell debris, necrotic and disintegrating cells were ob- 
served, but were not included in the enumeration. The presence of this 
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debris does indicate that the actual number of cells in the cultures was 
even greater than indicated by enumeration of the cell nuclei at the end 
of the experiment, and that the increase was partially masked or com- 
pensated by cell necrosis. 

Unfortunately, separate enumeration was not made of the total number 
of nuclei from cells adherent to the internal surface of the culture vessel 
wall. From estimates made of its total area covered by culture fluid, in- 
cluding that in the upper culture vessel, and from the apparently relatively 
low cell density observed on these walls during the life of the cultures, it 
appeared that the surface of the vessel wall was less effective as a substrate 
than was the substrate matrix. In the more luxuriant cultures at least 
it appeared that the vessel walls could have contributed only a minor 
number of nuclei to the total number enumerated in the culture. 

In each of the experiments presented, numerous cells were seen on the 
actual surface of the substrate matrix used. In each experiment, during 
the washing of the matrix in citric acid solution the wash fluid became 
cloudy with cells and nuclei. In culture 1169, after fixation and staining, 
numerous cells and areas of cell sheets were attached to the surface of 
the helices taken from various parts of the matrix. These results and 
observations presented indicated that in each experiment the three-dimen- 
sional matrix was actively and effectively functioning for the attachment 
of cells, and that in each experiment except one of those described there 
was a substantial proliferation of cells in the culture. 

Since the average diameter of the strain L cell is 20 », (4) the cell vol- 
ume is approximately 4,000 cubic », and 250,000 cells would have an 
approximate volume of 1cu.mm. If a specific gravity of 1.0 is assumed, 
such a cell mass would weigh 1 mg. The strain L cells, when grown in 
a T-12 design flask having a floor surface of 12 square centimeters, in 2 
ml. of the same horse-serum chick-embryo-extract medium used in the 
present study, reached a maximum of approximately 7,000,000 cells, as 
determined by enumeration of their nuclei. In 8 to 10 ml. of medium 
in a T-60 design flask, a maximum of approximately 35,000,000 cells was 
reached. These cell numbers would be equivalent to 28 and 140 mg. of 
cellular material, respectively. 

The nuclei of the chick-heart culture previously described (7) as cover- 
ing approximately 28 square inches of cellophane (180 sq. cm.) were never 
enumerated, but since its cell density was less than that of maximal density 
strain L cultures in T-60 flasks, this 180 square centimeter culture prob- 
ably did not contain more than 300 to 400 mg. of cellular material. In 
culture 1167 of the present study, the final number of nuclei enumerated 
reached 174,283,200, while in culture 1096 it reached 286,310,172. By 
the same basis of comparison the total wet weight of cellular material 
in these two cultures would have been in excess of 697 and 1,145 mg., 
respectively, or substantially greater than for the largest and most lux- 
uriant plane substrate cultures so far obtained. Growth of three-dimen- 
sional cultures on a much larger scale appears even now to be entirely 
practical. 
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SUMMARY AND CONCLUSIONS 


Seven tissue culture experiments were described in which an attempt 
was made to grow established strains of mouse tissue cells on the surfaces 
of a three-dimensional substrate or matrix, while nutrient fluid was peri- 
odically circulated through the interstices of the matrix. Substrates of 
folded cellophane sheets and of formed glass particles were tried. The 
cells used for one experiment were a strain of mouse liver cells carried 
in culture since April 1948. For the remaining six experiments the L 
strain of mouse fibroblasts of single-cell origin were used. The nutrient 
culture fluid was a mixture of 40 percent horse serum, 20 percent 1:1 
extract from 9-day-old chick embryos, and 40 percent Earle’s saline. 
Duration of experiments was from 21 to 82 days. 

In all but one of the experiments there was a substantial increase in the 
number of cells in the culture as estimated by enumeration of the cell 
nuclei. Two of the best cultures with the cellophane substrate showed 
an increase of 5-fold and 8.5-fold in the number of their cell nuclei after 
55 and 53 days, respectively. One culture with a formed glass particu- 
late substrate showed a 4.8-fold increase in the number of cell nuclei after 
82 days. 

The data indicate that the three-dimensional matrices were actively 
and effectively functioning for the attachment of cells, and that in each 
experiment except one there was substantial proliferation of cells in the 
culture. This proliferation occurred for both the strain L cells and the 
liver cells. 

It is estimated that the total wet weight of cells in cultures 1167 and 
1096 would have been in excess of 697 and 1,145 mg., respectively, or 
substantially greater than for the largest and most luxuriant plane sub- 
strate cultures so far obtained. Growth of three-dimensional cultures 
on a much larger scale appears even now to be entirely practical. 
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PLATE 21 


Ficure 1.—Complete assembled culture vessel. Total over-all height is 35 cm. 


FicuRE 2.—Culture vesse] with upper and lower chambers separated. A, lower 
chamber; B, upper chamber; C, connecting tube; D, gas inlet and cotton trap; 
E, gas outlet and cotton trap; F, outlet for changing culture medium. 
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PraTe 22 


Photograph of two different commercial sizes of glass helices. The large 


are the type actually used in this study 2.4 
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PLATE 23 


igure 4.—Glass helices, packed randomly oriented into a glass vessel, as they woul 


be used in an actual culture vessel. Approximately 6.5 
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BLOOD PENTOLYSIS IN RATS BEARING 
INDUCED SARCOMAS: AN EVALUATION ! 


STEPHEN N. STEEN, Faculté de Médecine, Université de 
Geneve, Switzerland 


In an earlier paper (/) a so-called pentolytic property was demonstrated 
in the blood of rats bearing sarcomas induced by 20-methylcholanthrene. 
To verify this finding and determine whether it occurred prior to the 
sarcomatous changes, an experimental group of 143 and a control group 
of 11 rats of albino stock were injected as previously described (7). In 
order to facilitate the determinat:ons,? the orcin method was used so that 
a steam distillation could be avoided. 

Since the findings* (3, 4) were contrary to those reported (/) using 
the modified (5) furfural method of Brachet (6), a repeat experiment was 
set up. In this second series, an experimental group of 50 rats and a 
control group of 44 rats were employed. Preliminary results (4) prior 
to the presence of induced sarcomas * did not confirm the high pentolytic 
values found from the thirtieth to the sixtieth day for the first series. 

Recently, the methods of Roe and Rice (7) and Tracey (8) for the 
determination of free pentoses were published. These methods are less 
time-consuming than the modified (5) furfural method of Brachet (6) 
and more specific than the orcin method (2). Thus, further determina- 
tions were made, utilizing these methods.* 

For these determinations the Somogyi deproteinizing reagent (9) was 
used, since the use of trichloracetic acid was found to give lower results 
in general.®? 





1 Received for publication April 23, 1951. 

2 All determinations were begun within 6 hours from the time of the intracardiac punc- 
ture, the normal incubation period of 2 hours being doubled so that an increase of the per- 
centage pentolysis would occur. All determinations were carried out by Dr. André Bopp. 

® Presented in part at the Fifth International Cancer Congress, Paris, July 1950. 

‘From the histopathologic results of the first series and past post-mortem material, the 
absence of induced sarcomas prior to the sixtieth day was assumed. 

5In addition, the hospital diet of left-overs used in the earlier experiments was replaced 
by one designed for rats. This diet can be obtained from the Moulin et Boulangerie de la 
Pallanterie, Vésenaz, Geneva, Switzerland. 

* Lower results for the pentose remaining after deproteinization, i. e., a higher apparent 
pentolysis. 

7 This information was supplied by Dr. Tony Brechbuhler. 


195 


96007 1—51———-24 








196 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


It should be noted that at the substrate concentration of 100y used in 
these determinations, the error of the determination is 2-5 percent; at 
lower concentrations the error may reach 15-20 percent.’ The presence 
of glucose interferes minimally when the methods of Roe and Rice (7) 
and Tracey (8) are used, but with the orcin method (2) the interference 
is more marked at 10y than at 100.’ 

With these factors in mind, the results of these determinations on a 
large scale, as well as those of an earlier paper (/), are thus seen to fall 
within the limits of the experimental errors of the methods employed 
for determining the amount of free pentoses. 

Accordingly, the so-called phenomenon of pentolysis in the blood of 
rats bearing induced sarcomas is a misnomer. 
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7 This information was supplied by Dr. Tony Brechbuhler. 
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MODIFICATION OF IRRADIATION IN- 
JURY IN MICE AND GUINEA PIGS BY 
BONE MARROW INJECTIONS: 


Econ Lorenz, Detta Upnorr, T. R. Retp, and Emma 
SHELTON, National Cancer Institute? Bethesda, Md., and 
The Division of Biological and Medical Research, Argonne 
National Laboratory, Chicago, Il. 


Jacobson et al. (1) reported recently that protection of the surgically 
mobilized spleen by lead during irradiation effectively protected mice 
exposed to doses of x-radiation (1,025 r) that would kill mice without 
spleen protection. Jacobson et al. (2) believe that a humoral factor may 
be responsible for the reduced mortality. They could show that following 
surgical extirpation of the protected spleen 1 to 6 hours after irradiation, 
a beneficial effect on survival and on recovery of hematopoietic tissue had 
already been exerted. Furthermore, intra-abdominal transplantation of 
intact spleens of adult or immature mice (10 to 100 mg.) after irradiation 
also exerted a beneficial effect on survival and on recovery of hematopoietic 
tissue (3). 

While these experiments strongly suggest that a humoral factor is 
involved in the modification of irradiation injury by spleen protection, 
we thought it possible that seeding the organism after irradiation with 
hematopoietic tissue and thus creating centers of hematopoietic activity 
might also have a beneficial effect upon survival. This idea was first con- 
ceived by Rekers (4), who injected bone marrow into dogs after irradia- 
tion. However, dogs treated in this way and exposed to 350 r (LD 50) 
showed only an equivocal improvement in survival. 


METHODS 


In the experiments to be described herein, genetically homogeneous 
hybrid LAF, mice (derived from mating a strain L mother to a strain 
A father) and genetically homogeneous guinea pigs (family 2) were 
used. The bone-marrow suspensions were obtained from the mice by 
aspirating the marrow of the long bones (femurs and humeri) into a 
needle that fitted in the bone-marrow cavity and suspending it in 0.5 ce. 
of buffered saline-heparin (0.01 percent) solution (pH approximately 
6.9-7.2). Heparin was omitted in the later experiments, as a number of 





1 Received for publication May 28, 1951. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 


197 


198 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


mice died within 1 day after injection from internal hemorrhage. The 
amount of bone marrow obtained from a single mouse was approximately 
1.5 mg. This amount was injected, either intravenously (tail vein) or 
intraperitoneally, into the mice within 10 to 15 minutes after irradia- 
tion. Control mice were given buffered saline-heparin or saline alone by 
the same routes. 

Guinea-pig bone marrow was also obtained from the four long bones. 
The bones were cracked longitudinally with bone cutters, a section of 
the broken bone was removed and the marrow lifted out with blunt 
forceps. Small trabeculae of bone were also removed with the marrow 
and, as they would not pass through a 26-gauge needle, were removed 
before preparing the marrow brei with buffered saline. Approximately 
100 mg. of marrow was obtained from each guinea pig. This amount 
was suspended in 0.5 cc. of buffered saline and injected into the external 
saphenous vein of each of the irradiated guinea pigs within 15 minutes 
after irradiation. 

RESULTS 


The survival data of the LAF, mice are given in table 1 and text-figure 1. 
All groups were given 900 r of x-radiation. The irradiation conditions 
were: 186 Kvp, 20 mamps, 0.25 mm. Cu+1.06 mm. Al. Two tubes 
opposite each other were used to obtain a uniform tissue dose; their foci 
were 54 cm. from the center of the mice. They gave a dosage rate of 
93rper min. The LD 50-28 days for LAF, mice under these irradiation 
conditions is approximately 650 r. 

The data indicate that bone marrow injected either intravenously or 
intraperitoneally postirradiation gives excellent protection from the acute 
irradiation syndrome. The recovery of the peripheral blood picture in 
bone marrow-injected mice is similar to that of spleen-protected animals. 
The erythrocyte count is little affected in comparison to the irradiated 
control animals, and the leukopenia is transient. An increase in leuko- 
cytes is noted beginning the 5th day after irradiation. Twenty-six con- 
trol animals died with a severe leukopenia. In two control animals that 
died on the 21st day after exposure, the blood picture returned to normal 
but the leukopenia was more severe than in the experimental animals, 
and the increase in leukocytes occurred several days after the leukocyte 
count of the experimental animals was well on its way to recovery. 


TABLE 1.—Survival of LAF; mice given 900 r total-body irradiation 
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TEXT-FIGURE 1.—Survival of irradiated LAF. mice. 





Intravenous bone marrow injections into guinea pigs after irradiation 
also give good protection from the lethal effects of the acute irradiation 
syndrome. This syndrome consists of severe anemia, leukopenia, and 
thrombocytopenia and is, in our experience, not complicated by secondary 
infection as it is in mice. The LD 50-28 days for guinea pigs of family 
2 is approximately 400 r. Experimental and control animals were irradi- 
ated with 550 r. The irradiation conditions were the same as for the 
LAF, mice, except that the filtration was 0.5 mm. Cu and 0.55 mm. Al to 
insure a uniform tissue dose. The dosage rate was 65 r per min. Five 
guinea pigs served as control and five as experimental animals. Text- 
figures 2 and 3 give the data on the picture of the circulating blood. 


Four of the saline-injected control animals died within 9 to 11 days after 
irradiation with a severe anemia and leukopenia. The fifth animal re- 
covered partially but died 25 days after irradiation with a moderate 
anemia and recurrent leukopenia. This animal weighed 250 gm. at 
death, a decrease of approximately 300 gm. from the day of exposure. In 
the experimental guinea pigs, the anemia and leukopenia were only mod- 
erate and transient. Two of the experimental animals died on the tenth 
and eleventh days from hemorrhage into either the pleural or peritoneal 
cavity. Three experimental animals recovered fully and regained their 
pre-irradiation weight of approximately 600 gm. 
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TEXT-FIGURE 2.—Erythrocyte count of guinea pigs exposed to 550 r. 





Although the number of guinea pigs in these experiments was small, 
necessitated by the scarcity of inbred guinea pigs, nevertheless the data 
presented strongly suggest that intravenous bone-marrow injections after 
irradiation have a beneficial effect on survival and on regeneration of 
hematopoietic tissue in this species also. The significance of the sur- 
vival is P=0.05 and that of the recovery of the erythrocyte count is 
P=0.05. 

DISCUSSION 


It is tempting to assume that the action of protection by bone-marrow 
injection consists of providing new areas of hematopoiesis contrary to 
the assumption of Jacobson (2) of a humoral factor in spleen protection. 
Histologic examination of different organs of mice injected intravenously 
with bone marrow revealed small but active areas of hematopoietic tissue 
in the sinusoids of the liver. None were found in the lungs. In the ir- 
radiated control animals no such areas were found in the liver. Since 
hematopoietic centers do not normally appear in the livers of adult irra- 
liated mice, it is tentatively concluded that the areas of hematopoiesis 
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TEXT-FIGURE 3.—Leukocyte count of guinea pigs exposed to 550 r. 


that appeared in the liver sinusoids of the experimental animals arose from 
the injected bone marrow. 

A humoral factor, however, cannot be excluded at the present time. 
Intraperitoneal injections of bone marrow in LAF, mice is as beneficial as 
intravenous injection. The amount of bone marrow injected into mice 
intraperitoneally was only approximately 1.5 mg., and since the hemato- 
poietic centers seen in the livers of mice injected intravenously were small, 
there is some doubt as to whether a sufficient number of cells could enter the 
circulation in time to produce the beneficial effect. 
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THE HISTOCHEMICAL SOCIETY 
PROCEEDINGS* 
Dr. GeorcGe B. WIsLock1, President 
BUSINESS MEETING 


The second annual meeting of The Histochemical Society was called to order at 
9:30 a. m., March 19, 1951, in the Book-Cadillac Hotel, Detroit, Mich., by the 
president. A council meeting was held at 7 to 9 p. m., March 19, and a report was 
read to the Society at the Business Meeting at 2 p. m., March 20, 1951. 

Report of Council: The Proceedings of the 1950 meeting were published in the 
Journal of the National Cancer Institute, and reprints were distributed to registrants 
at the meeting and to members of the Society. 

The membership committee considered a list of 118 applicants for original mem- 
bership in the Society and submitted its recommendations to the Council. The 
Council elected 100 original members by mail ballot. The list of original members 
was circulated to the elected membership. 

The Council prepared a Constitution for the Society by correspondence, reached 
a final draft, and submitted it to the members of the Society for vote. It was ap- 
proved by a mail ballot of 82 to 3. 

At this session the Council considered 22 proposals for membership in the Society 
and elected the following 15 persons to membership: L. F. Belanger, G. A. Boyd, 
W. H. Carnes, H. J. Conn, A. J. Dalton, J. D. Feldman, B. Highman, Margaret Holt, 
O. P. Jones, Gladys S. King, A. I. Lansing, Elizabeth H. Leduc, R. M. Melampy, B. 
Pearson, and W. F. Windle. 

The Council submitted the following nominations: For president, David Glick of 
University of Minnesota, for vice president, Stuart Mudd of University of Pennsyl- 
vania, for secretary, Ralph D. Lillie, of National Institutes of Health, for treasurer, 
Edward W. Dempsey of Washington University, for 4-year councillors, Jonas S. 
Friedenwald of Johns Hopkins University and Jerome Gross of Massachusetts 
Institute of Technology, and for 1-year councillor, A. H. Sparrow of Brookhaven 
National Laboratories, replacing Dr. Mudd. 

The Society voted to elect these nominees. 

The Council proposed the following amendment to the Constitution: 

Delete the first two sentences of Article II, Section I, and replace them with 
the following words, “‘The business of the Society shall be conducted by a council 
composed of the officers of the Society, eight Councillors and the editor of any regular 
publication that the Society may issue. The officers shall be the president, the 
vice-president, the secretary, and the treasurer.” 

The amendment was passed by voice vote, to be submitted in writing to the mem- 
bers of the Society for consideration at the next annual meeting. 

The Council proposed a new bylaw: “The Council shall cause to be displayed 
conspicuously during the half-day session and recess period preceding the business 
meeting its list of nominations for officers and councillors.” The Society adopted the 
bylaw. 


*Reprints may be obtained from the Editorial Office, National Cancer Institute, Bethesda 
14, Md. 
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The treasurer, E. W. Dempsey, reported receipt of $279 as dues, $215 as registration 
fees and miscellaneous from 1950, and expenditure of $149.60, leaving a balance of 
$344.40. The auditors, S. I. Kornhauser and J. W. Wilson, reported the treasurer's 
books to be in good order. The Society accepted the reports. 

The Council recommended that arrangements should be made for the Society to meet 
in connection with the 1952 annual meeting of the American Association of Patho- 
logists and Bacteriologists. 

Plans for the initiation of a regular periodical publication to be sponsored by the 
Society were reported by the Council and discussed on the floor. The Council pro- 
posed the following resolution: “Resolved that the Council be authorized to enter 
into negotiations with the Williams and Wilkins Co. in regard to the establishment of 
a Journal of Histochemistry and to conclude such arrangement with the company 
as shall appear most advantageous to the Society.” 

The resolution was adopted by the Society and the president appointed R. D. 
Lillie, S. Mudd, J. S. Friedenwald, and J. F. A. McManus as a committee to negotiate 
with the Williams and Wilkins Co. 


[Editor's Note.] The next annual meeting will be held at the Hotel New Yorker, 
New York City, on April 9-10, 1952. 
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SCIENTIFIC PROCEEDINGS 
PaPers READ 


A Quantitative Histochemical Method for the Determination of Zine and its Appli- 
cation to Studies on the Gastric Mucosa. B. G. Matmstrom (by invitation) and 
D. Guick, University of Minnesota, Minneapolis, Minn. 


Abstract. A method has been developed for the determination of zinc in the range 
of 1 to 15 mug. When applied to single microtome sections of tissue the following 
procedure was employed: A cylinder of the fresh tissue to be analyzed is punched 
out of the frozen material with a plastic borer and cut on the freezing microtome 
with a glass knife. The sections are individually ashed in separate quartz tubes, the 
ash dissolved in hydrochloric acid, the solution brought to pH 5.5. with ammonia, and 
an acetate buffer (pH 5.5) containing thiosulfate and cyanide is added. The zinc 
is extracted with 20 gl. of a solution of dithizone in tetrachloroethylene. An appa- 
ratus for the efficient extraction of these small volumes of liquid, patterned after a 
Carlsberg Laboratory device, was used. An aliquot of the organic phase is trans- 
ferred to a cuvette (5 yl. capacity) with a light path of 7 mm., and the transmission 
at 620 mz. is determined. The microscope colorimeter developed in the laboratory of 
H. Holter (Carlsberg Laboratory) was used with some modification. Carbonic anhy- 
drase, an important enzyme in gastric function, contains zinc, and the histochemical 
distribution of this element in the gastric mucosa of the dog was established and will 
be discussed. 

Discussion 


Dr. MAwson (Chalk River, Canada): Have you investigated any other tissues 
besides the stomach? We have been estimating zinc in a large number of the organs 
by the Vallee-Gibson method, which is similar to yours. The amount of zinc that 
we can estimate accurately is not less than 2 micrograms, but we have found a number 
of astonishing concentrations in certain organs of the body. Using Okomoto’s 
diphenylthiocarbazide stain, we have not noticed anything unusual in the stomach 
except on the surface, but we have found extraordinary concentrations of zine in 
the basal cells of the crypts of Lieberkiihn. From the color one gets with this specific 
stain, we think that the concentration at the bottom of the crypts must be of the 
order of 100 to 400 micrograms per gram, which is an extremely high concentration. 

Dr. MALMSTROM: The only other thing we have applied it to is blood, which was 
more of a check with the method, and we achieved the same results that Gibson got 
by his method. The concentration found by most workers falls between 20 and 30 
micrograms, but it varies very much with different tissues. It seems that most 
methods give high values rather than low. 

Dr. Mawson: These concentrations are highly localized. 

Dr. MALMstTROM: Yes, that is right. 
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A New Method of Preventing the Leaching of Radioactive Isotopes and Other Sub- 
stances from Tissues Prepared for Histologic Sections. H. BLanx, P. L. McCarruy 
and C. JacoBson (the last two by invitation), University of Pennsylvania, 
Philadelphia, Pa. 


Abstract. Fixation in generally used liquid fixatives or immersion in saline for 
2 hours removes 40 percent of contained radioactive phosphorus. Dehydration in 
alcohol and xylene removes an additional 40 percent of radioactive phosphorus. These 
losses “trace” the removal of large amounts of material in routine paraffin techniques 
and obviate the preparation of autoradiograms reflecting the living state. Tissue, 
quickly frozen and dehydrated ,by immersion in propylene glycol at <—20°C. and 
subsequently embedded in polyethylene glycols at 55°C., loses none of its radioactive 
phosphorus. With this method autoradiograms can be prepared that record all of 
the radioactivity; or the various components (water soluble, lipid soluble) can be 
selectively leached from the tissue. 


Discussion 


Miss R. Bocorocn (Montreal, Canada): Dr. Blank, we have observed that simple 
staining with hematoxylin decreases the density of a developed autoradiogram, and 
removes some of the silver granules. If maximal demonstration of radioactivity 
sites is required, perhaps staining after exposure should be omitted. 

Dr. BLANK: I am afraid we did not consider that. We have thought of all of the 
possible losses of radioactivity. We did not realize staining would remove silver 
from the fixed emulsion. That is an interesting suggestion, and we would like to 
check it further. 

Miss BocorocH: We have put some hematoxylin on a developed photographic 
emulsion. 

Dr. R. D. Litiie (Bethesda, Md.): We had noticed on counterstaining of radio- 
autographs with iron hematoxylin that the decolorizing of the gelatin also took out 
very much of the silver. 

Dr. G. Gomori (Chicago, Ill.) : Any counterstain containing ferric iron will remove 
a large part of the silver, actually ferric sulfate in dilute sulfuric acid can be used 
as a complete decolorizer of all silver. Hence, ferric iron or other oxidant should 
not be used. If you use alum hematoxylin, there is no chance of loss of silver 
at all. 

Dr. Heten W. Deane (Boston, Mases.): In looking at the slide of the liver that 
you showed, I could not tell whether there was just a lot of scatter or whether the 
silver particles might represent the mitochondria. Have you considered this latter 
possibility? 

Dre. BLank: The cytology with this method is not ideal. Sometimes one gets 
beautiful cells, but I think the temperature is not low enough to maintain good 
cytology, as with the ordinary freezing-drying method. I do not think that one 
would confuse silver granules with mitochondria under the microscope. The photo- 
micrographs were focused on the silver emulsion. 

Dr. DEANE: My thought was that, since the P-32 would be taken up principally 
by the phospholipids of the mitochondria, the silver might represent the position of 
these organelles. 

Dr. BLANK: I am afraid we cannot get such localization, because the P-32 tracks 
are quite long. We hoped to be able to follow the tracks back to the original site of 
radioactivity but as yet we are not entirely successful. I do not think that we can 
localize things as small as mitochondria; if we could get down to individual cells, 
we would be quite happy. 
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The Development of a New Freezing-Dehydrating Procedure and its Applications 
in the Cytology of Microorganisms. B. D. DeLamater, University of Pennsylvania, 
Philadelphia, Pa. (Read by H. Blank.) 


Abstract—A new freezing-drying procedure, involving the use of dehydrating 
agents such as acetone, ethyl alcohol, and other alcohols, has been developed for use 
on the processing of cytologic preparations of various microorganisms. This pro- 
cedure eliminates the necessity for expensive and cumbersome equipment, and is 
simple. Cytologic preparations prepared by means of this technique afford for the 
first time an opportunity to visualize, cleared and properly mounted, undistorted 
cells of various microorganisms, particularly bacteria. 


Discussion 


Dr. Mupp (Philadelphia, Pa.): It is an amazing fact that the two little tricks of 
technique described could make such a difference in the appearance of the nuclei 
of microorganisms. You can see each of the successive stages of the mitotic cycle 
in the nuclei of Megatherium prepared in the way Dr. Blank has discussed. 

The same technique has been applied this winter to a micrococcus in which the 
spindle fibers, the mitotic figures, the polar bodies, and the metaphase and other 
stages of mitosis are much more striking than they are even in Megatherium. It 
has also been applied to colon bacilli and to yeast. Each form that has been studied 
in detail by this technique has shown mitosis in bacteria that were not supposed 
to have orthodox, classical mitotic-cell division. I am convinced that they do 
have such classical mitotic-cell division. I think the two details that have made 
the difference are this more specific thionyl chloride method as a chromosome stain, 
and, in particular, the dehydration in cold, nonpolar solvents. (Absolute alcohol at 
—80° C.) The alcohol removed the obscuring fatty materials around the chromo- 
somes, which made the classical mitotic figure appear in earlier work as simply 
a blob of chromatin. 


Histochemical Studies on Tissues Prepared by the Freezing-Drying Technique and 
Chemical Fixatives. Hisaxko O. Yokoyama (by invitation) and R. BE. SToweLt, 
University of Kansas, Kansas City, Kansas. 


Abstract. Comparative histochemical studies have been made on tissues prepared 
by the freezing-drying technique and those prepared from fixatives such as acetone, 
alcohol, 10 percent formalin, Stieve’s fluid, and Helly’s fluid. Normal and experi- 
mental tissues were obtained from the rat and mouse. The following enzyme tests 
were applied to these tissues: phosphamidase, alkaline phosphatase, acid phos- 
phatase, and esterase. Other histochemical techniques were employed for the 
detection of glycogen, polysaccharides, nucleic acids, and proteins. Methods for 
staining mitochondria, connective tissue, and reticulum have also been used. Com- 
parative studies on other general staining methods such as hematoxylin-eosin-azure 
have been included. 

It was found that with the frozen-dried tissues some of the histochemical and 
other staining techniques require a slight modification for optimum results. In 
many instances the application of these techniques to the frozen-dried tissues yields 
results superior to those obtained after chemical fixation. 


Discussion 


Dr. Davin Guick (Minneapolis, Minn.): In your experience, what is the highest 
temperature that will give good morphology in the freezing-drying method, and 
how do you maintain that temperature? 


960071—51——-25 
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Dr. YokoryaMA: The highest temperature we used for dehydration was about 
—20° C. For the short dehydration period we start at —30° C., and go up to 
about —20° C. The temperature is readily controlled by a heating element. We 
can get a wide range in temperature with our apparatus. 

Dr. Glick: Do you observe any difference in morphology between a very low 
temperature (—60° C.) and, say, —250° C.? Is there any discernible difference? 

Dr. YokoyaMa: We have not used that low a temperature. We have maintained 
the temperature mostly at about —30° C. 

Dr. A. L. Lansine (St. Louis, Mo.) : It is not my intention to question the value 
of the freezing-drying method. Admittedly, it is a procedure of choice when chemical 
fixation must be avoided. However, it has been my experience that the results are 
exceedingly varied, and in using a block no more than a millimeter in thickness, 
there are different zones of fixation in that specimen. The outer periphery looks 
rather miserable. There is a zone within that periphery that looks good compared 
to the chemical fixation, while the center again is poorly preserved. Which, then, 
is the good preparation, the outer periphery, the middle zone, or the center? 

The methods we have used are essentially those that Dr. Scott developed in 
Washington University. I think he, too, has repeatedly cautioned us on the inter- 
pretation of the specimens. I do want to raise the question: Which is that zone 
of good fixation in frozen dried material to which we usually refer? Do we select 
a field that looks nice, and ignore bad fields, or do we take a series and study the 
statistics? I think the former procedure is more common than the latter. 

Dr. J. F. A. McMAnus (Charlottesville, Va.): This question of the utility and 
necessity for freezing-drying in the histochemical study of tissues is probably one 
of the most important ones we have. It is the rare laboratory that has the freezing- 
drying apparatus. It has always been our intention, I think, to have histochemistry 
done in as many laboratories as possible, and the limiting factor of the freezing- 
drying method may be important. I am not sure that from the viewpoint of the 
application of many of these techniques to pathology, and particularly to anatomy, 
that we need to have a precise intracellular localization, or that quantitative dif- 
ferences within broad ranges are too important. If we can find fixatives that give 
about a comparable continuous curve in the enzymes—and they are readily avail- 
able—and if we can find other fixatives that will have the effect of the freezing- 
drying in regard to the granular form of glycogen in the liver, and use those fixatives 
in the ordinary laboratory, we will probably have more people doing histochemistry. 

I think it was Couteaux-Bargeton who reported the use of osmium tetroxide fixa- 
tives for glycogen in liver as producing good granular fixation. In a variety of 
animals, including the human, it has been possible to get excellent preservation of 
glycogen and other carbohydrates with osmium tetroxide. However, with osmium, 
it can be shown that some of the materials are altered chemically, and the final 
histochemical result may be less precise. 

I wonder if there has been any experience with osmium tetroxide as a fixative 
for carbohydrates in this. I am not sure about the composition of the Stieve’s 
fluid. Is there osmium in that? 

Dr. YoKoYAMA: No. 

Dr. Lansing, we have used slices of tissues less than 0.5 mm. thick. In area, 
blocks have been as large as 5X10 mm., and we have not observed such great 
differences in different parts of the section. With experience, good cytologic detail 
can be obtained. 

Dr. GuicK: I think Dr. Lansing’s criticism is largely based on a particular experi- 
ence, which is a fairly common one. We have been employing the freezing-drying 
technique for a variety of tissues, with excellent results; but I believe there are 
some fine points in this method which, if not considered, can lead to poor results. In 
order to bring out the difficulties that are inherent in this method, we are at the 
present time summarizing the whole question and plan to present details of an 
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efficient apparatus that is considerably simpler and cheaper than anything yet 
described. 

With reference to Dr. McManus’s remarks, I do not think any of us would question 
the desirability of having a method that would produce a cytochemical picture as 
near to reality as possible. Certainly, the method of freezing-drying would be prefer- 
able to the use of fixing solutions, which cause tissue contractions and shifts of 
constituents, and to dehydration procedures, which also cause chemical and mor- 
phologie artifacts. Mechanical difficulties and the cost of the freezing-drying ap- 
paratus have overwhelmed a great many people, but these factors are no longer 
problems of great magnitude. The time required has been reduced from about a 
week to a few hours, with either Dr. Stowell’s setup or with ours. 

Dr. Mupp (Philadelphia, Pa.) : Now that we see the artificial lines of demarcation 
between different disciplines being rubbed out, and it becomes difficult at times to 
tell an anatomist from a biochemist, I think it desirable that we use all the various 
applicable methods together in order to illuminate all facets of our subject. 

Regarding Dr. McManus’s question about osmium tetroxide, electron microscopy 
is a very sensitive method for recording changes due to fixatives. I think it is the 
universal opinion of electron microscopists that osmium tetroxide is the best fixative 
as judged by the lack of any apparent change in the fine structure of the protoplasm 
as seen in the electron microscope. Certainly, in our experience we cannot tell the 
difference between bacteria that have been fixed with osmium tetroxide and those 
that have not been subjected to any manipulations whatever, except for very fine 
differences in intensity and quantitative differences in contrast. Formalin, alcohol, 
and all other fixatives tried caused marked intensification of electron scattering in 
the protoplasm. 


Histochemical Observations of the Human Fallopian Tube.’ D. W. Fawcerr and 
G. B. Wistock!, Harvard Medical School, Boston, Mass. 


Abstract. Various staining procedures have been applied in Fallopian tubes in 
an effort to characterize histochemically some of the substances occurring in the 
epithelium and lumen. The ciliated epithelial cells are either eosinophilic or weakly 
basophilic, while the nonciliated, so-called “secretory” cells exhibit marked cyto- 
plasmic basophilia prevented by previous ribonuclease treatment. Glycogen, de- 
monstrable by the periodic acid-Schiff reaction, is found in variable amounts in the 
tubal epithelium and in the lumen. Contrary to previous accounts, glycogen occurs 
not only in the ciliated cells, but also in the nonciliated cells. Although secretion of 
mucin has been ascribed to the tubal mucosa, neither the epithelium nor the luminal 
contents exhibit metachromasia with toluidin blue (fixation in 4 percent basic lead 
acetate) and hence do not appear to contain acid mucopolysaccharide. A well- 
defined, saliva-resistant periodic acid-Schiff reaction (Orth’s fixation) occurs at 
the distal borders of the ciliated cells at the site of attachment of the cilia. Saliva- 
resistant periodic acid-Schiff positive material is found in, or probably on, the cilia 
themselves as well as free in the tubal lumen. The basement membrane and stroma 
beneath the epithelium also react strongly. 

Sudan black B imparts a greyish tone to the cilia, their basal corpuscles, and to 
fine granular material in the cytoplasm—probably mitochondria. Larger, black 
lipid droplets of variable size, number, and distribution also occur in the cytoplasm. 

Alkaline phosphatase is concentrated at the distal borders of the ciliated cells, 
associated with the cilia and material between them; in the nonciliated cells it is 
abundant throughout the cytoplasm. 


1 Aided by an Institutional Grant to Harvard University from the American Cancer 
Society. 
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Inasmuch as the Fallopian tube creates the fluid environment in which fertilization 
occurs, the ribose nucleoprotein, glycogen, the saliva-insoluble periodic acid-Schiff 
positive material and alkaline phosphatase, which are found in the lumen as well as 
in the epithelium, may play an important role in the nutrition of the sperm or 
ovum or both. 


Discussion 


Dr. G. Gomorr (Chicago, Ill.): The excess of Schiff positive materials in fixed 
tissue may be due to the presence of unsaturated lipids. Any chromation of ma- 
terial will produce aldehyde compounds that are insoluble in dehydrating agents and 
may stain positively. 

Dr. Fawcerr: Zenker’s fluid will chromate also, and yet it does not result in a 
strong Schiff reaction. 

Dr. Gomori: No. Zenker’s fluid chromates very poorly. You need the presence 
of formalin in the absence of mercury. Actually, Zenker’s fluid will not chromate. 

Dr. McManus (Charlottesville, Va.) : Would those unsaturated lipids be expected 
to show up in Sudan black? 

Dr. Gomort: I think so. 

Dr. McManvs: They did not seem to. 

Deg. Gomori: I am not sure. They probably should. 

Dr. A. I. LaNnsine (St. Louis, Mo.) : In the second slide, which was a high power 
of the Fallopian tube, I wondered if you attached any significance to the loss of the 
eosinophilia in the region of the basal granules after ribonuclease digestion. There 
is a marked eosinophilia in the untreated specimen, which is lacking in the digested 
section. I have seen a similar loss of eosinophilia in my own preparations. 

Dr. Fawcett: I had not noticed any change in the eosinophilia of the basal bodies 
of the cilia. You have made a very interesting point for which I have no explanation 
unless it may be due to traces of proteolytic enzyme that contaminate the ribonuclease. 

Dr. LANSING: I have considered that possibility, and we have treated our various 
ribonuclease preparations by heat and various procedures to inactivate the proteases. 
We have tried to estimate protease activity. It is very low indeed, and we still get 
this loss of eosinophilia. I think it means something, but I do not know what. 

De. R. O. Greep (Boston, Mass.) : I think it would be of general interest to have 
some comment about the correlation of the glycogen in the tubal epithelial cells 
with the menstrual cycle. Does it correlate with the fairly well-known glycogen- 
formation cycle of the uterus? 

Dr. Fawcett: I purposely avoided being too explicit on that, because the material 
is so highly variable. A very large series would be needed to draw any firm con- 
clusions. It does appear to be more abundant in the secretory phase of the cycle, 
but it is surprisingly variable from case to case and from one portion of the tube to 
another. It is difficult to get accurately dated tubes. At the present time I would 
rather not make any strong statements about correlation with the cycle. I do feel, 
however, that glycogen will turn out to be more abundant in the late proliferative 
and early secretory phases. 

Dr. WISLOcKI (Boston, Mass.) : Glycogen is one of the few substances that has been 
previously investigated. Joel, who examined some 30 or 40 dated human tubes 
with Best’s method, observed the maximum amount of glycogen in the proliferative 
phase. 

Dr. R. W. Mowry (Bethesda, Md.) : We have seen an increase in Schiff positive 
material after formalin-fixed tissue has been post-chromed even overnight—tissue 
sections put directly into Schiff give this color. We would like to have any evidence 
that anyone knows of that the material is aldehyde. 

Dr. FRIEDENWALD (Baltimore, Md.): I would like to add one comment on the 
perplexities of the interpretation of the periodic acid Schiff technique. I think it 
is quite plain from straight chemical considerations that any double bond which 
remains in the section will be oxidized to aldehyde by periodic acid, and therefore 
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be stained. Normally, we assume any lipids with double bonds would be extracted 
in the dehydration procedure, but that assumption seems to be one which we should 
accept with a good deal of reservation. Hence, interpretation of the Hotchkiss- 
McManus stain as indicating carbohydrate should always be accepted with a good 
deal of reservation. 

Dr. R. D. Litiie (Bethesda, Md.) : I have considered Dr. Friedenwald’s suggestion 
as to the possibility of double bonds, and I am not yet satisfied that periodic acid 
is capable of attacking double bonds. I know permanganate and chromic acid will. 


The Spectral Absorption Characteristics of Methylene Blue Bound to Fibrin. M. 
Suncer, J. M. Weiss (by invitation) and E. W. Dempsey, Harvard Medical School, 
Boston, Mass. 


Abstract. Many basic dyes show spectral absorption shifts (metachromasia) in 
visible wave lengths as the dye is concentrated in aqueous solution, so that the 
primary peak declines and secondary and tertiary ones become relatively more 
prominent. This metachromasia has been attributed to aggregation of dye ions to 
form dimers or polymers. These dyes also show this shift when bound to various 
tissue substances, some of which markedly accentuate metachromasia. The present 
investigation demonstrates a solid protein system (fibrin film) that suppresses the 
metachromatic tendency of a basic dye (methylene blue), even though the dye 
is bound in quantities that in solution would yield a decided absorption shift. 
Films of purified fibrin (304 thick) were stained in known quantities of dye, and 
the amount of dye bound was determined by the loss from solution. The absorption 
characteristics of solutions of dye made to the concentration of that in the film 


were compared with the spectral absorption of the film itself. The results emphasize 
that there are substances that prevent metachromasia as well as those that enhance 
or preserve it. 


Discussion 


Dr. N. B. Kurnick (New Orleans, La.): Michaelis’s observations on the effect of 
dye polymerization on metachromasy are not entirely consistent with the finding 
with fibrin. 

We have noted that if one uses depolymerized nucleic acid, the 8 hump is often 
not depressed. 

I would suggest that the explanation is that the large molecules that are well 
oriented, such as fibrin and polymerized nucleic acid, orient the dye molecules and 
thus prevent their interaction. 

Dr. G. Gomori (Chicago, IU.) : I was rather surprised to see the curves of methylene 
blue. From what I know now from the literature, methylene blue is the prototype 
dye that does not have metachromatic properties. I wonder whether the methylene 
blue used did not contain some of the less methylated blues, like some of the azures, 
which may have caused, in higher concentration, the beta peak. As far as staining 
is concerned, methylene blue, being fully methylated, probably has a different dis- 
sociation constant from that of the less methylated compounds, and it is quite 
possible that some substances attract methylene blue rather than the metachromatic 
azure dyes. This may cause the difference in absorption. It would be interesting 
to take a sample of this methylene blue and adsorb it on fibrin and examine the left- 
over to determine whether or not it contains a higher concentration of metachromatic 
components. 

In the beginning, a fresh solution of methylene blue is nonmetachromatic, but with 
mere standing, especially in a slightly alkaline solution, it will develop azure dyes, 
which are metachromatic. I wonder if some such phenomenon is not involved here. 

Dr. R. D. Litim (Bethesda, Md.): In reply to Dr. Gomori, methylene blue as 
commercially obtained normally contains 5-10 percent azure B, and it is necessary 
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to extract this with chloroform from a slightly alkaline solution in order to get pure 
methylene blue. That may possibly be the explanation in this case, that we have 
a small proportion of azure B, which increases with age and conditions of slight 
alkalinity and more rapidly with stronger alkali. 

Dr. Bennett (Seattle, Wash.) : I have frequently made paper chromatograms of 
commercially available samples of methylene blue, and found two, three, or four 
components, trailed out by the solvents applied. There is frequently a brilliant red 
component, which is present in small amounts. I saw no evidence of this red sub- 
stance in the curves that Dr. Singer showed. As I recall, in Michaelis’s studies of 
methylene blue, in which he took precautions to maintain purity, his preparations 
showed the peaks that Dr. Singer described. And even though commercial methylene 
blue has impurities, which should be considered, the shifts in the peaks that Dr. 
Singer described might still be due to the real stuff. 

Dr. THomAs C. Hatt (Boston, Mass.): As I remember Dr. Kurnick’s paper in 
Experimental Cell Research, he pointed out that the methyl green he used had 
40 percent crystal violet, which he had to extract. So the same comments as far as 
impurities are concerned apply to methyl green. I know that when I was working 
with Dr. Singer, we held up the methyl green experiments because the extract had all 
this crystal violet extractable in chloroform. 

Dr. C. H. U. Cou (New York, N. Y.): In this connection, I would like to suggest 
that methylene blue can be made in the laboratory by letting p-aminodimethylaniline 
react with hydrogen sulfide and subsequently oxidizing by ferric chloride. In this 
way we know the chemical constituents involved and pure methylene blue can be 
obtained. 

Dr. Stncer: The main thesis that needs re-emphasis is that the work on fibrin, 
unlike that for nucleoprotein in tissue section (Michaelis), shows that the prominence 
of the a-peak observed for dilute aqueous solutions of methylene blue is preserved 
when methylene blue is bound to fibrin. This is true even when the concentration 
of methylene blue within fibrin is very great,—concentrations that in aqueous solu- 
tion yield prominent §-peaks. 

The appearance of a §8-peak in nucleoprotein in liver cells in contrast to the a-peak 
characteristics of nucleic acids in solution, which Michaelis described, possibly re- 
flects fundamental differences in dye-binding dependent upon whether the stainable 
substance is free in solution or is in a solid state locked within a three-dimensional 
network such as exists in cells and tissues. In the latter case, additional forces than 
those present in the solution condition can play upon the binding sites and the bound 
molecules. 

Impurities of the sample do not interfere with the conclusions we have drawn from 
the absorption curves. The control curve of dye in aqueous solution compares well 
with the curves of pure samples as reported previously in the literature. And, the 
curve for films of stained fibrin emphasizes again that the methylene-blue component 
was bound with no major shift in its absorption characteristics such as one observes 
for metachromatic substances. 





The Demonstration of Glycogen in Human Liver by the Electron Microscope. P. C. 
Morean (by invitation) and R. W. Mowry, National Institutes of Health, Bethesda, 
Md. 


Abstract. Paraffin sections of human liver, fixed in alcohol-formalin, were stained 
for glycogen and studied under the light microscope. From livers showing abundant 
intranuclear glycogen, small portions of the paraffin blocks were excised, placed in 
xylol, and then in acetone. The tissue was subsequently embedded in methacrylate. 
Five- and one-micron, as well as ultrathin, sections were cut by the methods of New- 
man, Borysko, and Swerdlow, except that a glass edge was employed instead of a steel 
knife. The one- and five-micron sections were stained for glycogen, including diastase 
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digested controls, and examined under the optical microscope. No loss of glycogen in- 
cident to methacrylate embedding was evident. 

Examination of unstained, ultrathin sections under the electron microscope showed 
many nuclei to contain varying amounts of a moderately dense and sharply demarcated 
material having the form and distribution of nuclear glycogen, as seen in the optical 
microscope. Somewhat similar material was often visible in the cytoplasm. Prior 
incubation of ultrathin sections in 0.1 percent malt diastase (U. 8. P. [X) in Lillie’s 
pH 6.0 saline-phosphate buffer for 1 hour completely removed the material presumed 
to be glycogen. Other cytologic features appeared unaltered by this treatment. 
Incubation in buffer alone or in crystalline ribonuclease solution had no effect on the 
presumed deposits of glycogen. 

Discussion 


Dr. H. BLank (Philadelphia, Pa.) : I think this study is a step forward in under- 
standing and correlating what we see under the electron microscope. Certainly, the 
histochemist ought to do more in this field to help the electron microscopist. 

Dr. A. Novikorr (Burlington, Vt.): I was impressed by the emptiness of the 
nucleus. I would like to ask Dr. Mowry what has become of the chromatin. Even 
the section showing a nucleolus appeared to have no associated chromatin. 

Dr. Mowry: In answer to Dr. Novikoff, we have deliberately shown only nuclei that 
are atypical in chromatin distribution because of extensive glycogen infiltration. 
Light microscope studies have demonstrated that when the human liver cell fills 
with glycogen the chromatin appears reduced in amount and sharply concentrated 
at the periphery. We have many pictures showing glycogen-free nuclei whose 
chromatin is normally arranged. 


———E 


Aging of Elastic Fibers. A. I. Lansine (by invitation), Washington University, St. 
Louis, Mo. 


Abstract. The physical appearance and tinctorial properties of human arterial 
elastic fibers change with age. Elastin extracted from young and old human aortas 
using 0.1N NaOH (Lowry) shows an increase with age in calcium and phosphorus 
contents. Paper chromatography, as well as quantitative bioassay for amino acids, 
reveals a sharp increase with age of both aspartic and glutamic acids. These di- 
carboxylic amino acids may account for the increased base-binding capacity of old 
elastin. 

Discussion 


Dr. A. Lazarow (Chicago, Ill.) : Comparing the slides you showed of the elastic 
tissue stain and the microincinerated specimens of artery, it would appear that a 
great deal of the ash is located between the elastic fibers. I wondered, therefore, 
whether you are really justified in saying that the calcium is bound to the elastic 
fiber itself or whether it is associated with the matrix that is laid down between the 
elastic fibers. The same criticism could also apply to the interpretation of the 
amino-acid analyses, i. e., the amino-acid content of the elastic fiber could be un- 
changed whereas the new matrix laid down could have a higher glutamic-acid content. 

Dr. LANsINnG: I deliberately tried to avoid the matter of matrix versus fiber, for 
several good reasons. But I can say this much: that the specimens I showed you 
obviously were selected to give a fairly dramatic picture, which meant I selected 
fairly old individuals. If one takes individuals who are about 30 or 35 years of age, 
the mineral is contained specifically in the elastic lamellae. And here, I think, we 
must be so careful. The elastic lamellae are complex structures and are different 
from elastic fibers. Whether or not we have a matrix for elastic fibers or elastic 
lamellae is still a moot question. There is good reason to believe that elastic fibers 
contain at least two components. According to Gross, there are an ultramicroscopic 
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helicoid fibril that is trypsin-resistant and a trypsin-digestible matrix. There are 
very coarse fibers, perhaps a few microns in diameter, cemented upon the elastic 
plate—the elastic lamella. This elastic lamella again contains a network of small 
fibers perhaps 0.4 or 0.5 » in diameter, embedded in a fairly clear matrix. 

The fine fibers may be chemically the same as the large ones, but that has to be 
demonstrated. In addition to the two fiber types, there is matrix. The enzyme 
elastase recently described by Bela and Bonge, from Hungary, digests elastic fibers. 
This enzyme is extracted from pancreas, and is not tryptic. The authors believe it 
converts the elastin from fibrous-type proteins to globular type. However, that 
remains to be confirmed. 

If one uses this enzyme, the large fibers and the large plates unravel and appear 
to contain pairs of fibers coiled'one upon another and cemented together by matrix 
material, that matrix being digested by this elastase. These two fine fibers then 
again unravel, each containing two finer fibrils, and so on down to the limit of 
visibility. 

What, then, is matrix, and what is fiber? I think it is rather difficult, and we 
should hold that matter in abeyance. 

Dr. G. B. W1sLocxti (Boston, Mass.) : Dr. Lansing, I would like you to comment on 
Dr. Gross’s work with the electron microscope that describes fibers of helical form 
embedded in an amorphous matrix. I have been told that one observer attributes 
the helicoids, somehow, to the pepsin that is used in the digestion. 

Dr. LANstIne: I wanted to avoid that, Dr. Wislocki. In our experience, we have 
used several different types of trypsin, including recrystallized trypsin. There is 
no digestion in any degree of purified elastin by trypsin. I suspect what Gross was 
working with originally, was not pure trypsin but a relatively uncrystallized sample, 
which contained some of the elastase. When we used crude trypsin, we got the 
digestion that Gross described. 

Dr. WISLOCKI: You have observed the helicoids? 

Dr. LANSING: Yes, we have; not at the level of the electron microscope, but with 
the light microscope, using a 16-millimeter lens. One can take ligamentum nuchae 
and watch it literally dissolve a shell of matrix that we will call “X” material, and 
reveal two fairly large coiled fibers. 

Dr. WISLOcKI: If they are helicoidal when separated by your procedure and exam- 
ined under the daylight microscope, why don’t they ever show any indications of this 
condition by ordinary staining? 

Dr. LANsInG: They do not. We are working rather actively on that matter now; 
and we have tried unsuccessfully to juggle the tinctorial reaction to bring out some 
measure of internal structures. We have confirmed Mall’s old observation that the 
medulla of the elastic fiber takes up magenta red while the cortex is relatively 
unstained. 

Dr. WISLOcKI: It is still perplexing if the fibers have the character of a rope com- 
posed of two twisted strands, that this pattern is not revealed by ordinary histologic 
methods. 

Dr, LANsinG: One might think so, but it is just not the case. It does not show it. 
This is simply and very readily demonstrated. It does not call for elaborate equip- 
ment. The extraction of elastin is most simple and involves 45 minutes, and the 
digestion of the fiber is readily done. 

Dr. WisLockI: Historically, it is believed that each elastic fiber is encased in a 
sheath. Have you observed such a covering? Could it be that the fibers have a 
sheath that interferes with the histologic demonstration of an internal structure? 

Dr. Lansine: Yes. We have seen outer sheaths in the fine elastic fibers of loose 
connective tissue and ligamentum nuchae. One can preserve the outer shell by 
exposing the tissue to 10 percent formalin, which inhibits the digestion of the outer 
case but allows the internal elements to digest with elastase. 
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Microspectrophotometric Studies of the Feulgen and Arginine Histochemical Re- 
actions. C. R. Hoover (by invitation) and L. E. Tuomas, University of Missouri, 
Columbia, Mo. 


Abstract. The Feulgen and arginine histochemical reactions have been tested 
microspectrophotometrically for conformity with the Beer-Lambert law. For this 
purpose nucleoprotein or protamine was incorporated into agar blocks, which were 
then fixed, dehydrated, embedded, and sectioned in the manner usually employed 
for tissues. Each of these reactions showed a linear relationship between extinction 
and concentration and between extinction and thickness of the absorbing material. 

Feulgen-treated material was found to have different light absorption character- 
istics with Bouin’s fixation as compared to Carnoy’s (3:1) fixation. 

The ratio of the light extinction of Feulgen-treated material to the extinction of 
material treated by the arginine method was determined on the agar-protein sections 
and on nuclei of a few tissues. The ratio of the extinction values was about 13 for 
the calf-thymus nucleohistone sections and about 5 for calf-thymus interphase 
nuclei. The ratio of the two extinction values for Tradescantia root-tip interphase 
nuclei was about 3. These results will be discussed in terms of the possible types 
of proteins in nuclei. 

Discussion 


Dr. M. A. LEsster (Columbus, Ohio): The incorporation of desoxyribonucleic 
acid (DNA) or DNA-nucleoproteins into agar followed by the Feulgen reaction 
gives measurable coloration. Hillery (Botan. Gaz. 101: 276, 1939) used this method 
to duplicate these methods and Lessler reported (Science 108: 419, 1948) that agar 
itself gave a typical Feulgen reaction. Thus methods involving the suspension 
of DNA in agar are unsatisfactory for the study of the Feulgen reaction because the 
color produced is partly due to the Feulgen-positive agar. 

We found that formalin-fixed 20-percent gelatin was an excellent suspending 
medium for DNA and was Feulgen negative when the formalin was thoroughly 
washed out. Colorimetric studies of quantitative gelatin-DNA preparations in- 
dicated that the ideal Beer-Lambert curve is followed with 0.2 to 1.5 mg. per cc. of 
DNA and that with higher DNA concentrations the linearity falls off. 

We considered the possibility of using such preparations as standards for the de- 
termination of the DNA content of cells. There are, however, some theoretical 
considerations that make the accuracy of such comparisons doubtful even with the 
best microscope colorimeters available. This does not eliminate such comparison 
colorimetry from giving indications of the relative DNA concentration in cells. 

Dre. Davip Guiick (Minneapolis, Minn.): I will discuss the errors that would be 
involved in trying to translate this kind of study to quantitation in cells and tissues. 
If we pass by the errors that would be involved in fixation and dehydration, which 
might be considerable, and if we assume complete specificity, which might be ques- 
tioned in some of these reactions, and come to the point of stoichiometry, the chances 
are that it is impossible to obtain stoichiometry in the cell of tissue though it may be 
obtained in agar blocks. Because of the indeterminate factors of surface adsorption 
of both the reagents and the substance to be stained, diffusion in the water media, and 
accessibility of the reagent to the structure to be stained, it will be difficult to obtain 
stoichiometric reaction in the cell. 

Regarding the validity of the Beer-Lambert law, though it may hold perfectly in 
agar blocks, the only way one can tell whether it will hold in sections is to determine 
the absorption of different thicknesses of the same homogeneous cell or tissue. That 
brings up the error due to nonhomogeneity in the cell or tissue. The nonhomogeneity 
will make the concentration determined too small. The factor of “how much too 
small” will depend directly on how nonhomogeneous the material is. An error of 
100 percent can easily be obtained, and an error of 1,000 percent is possible. That 
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error can be calculated, however, if one determines the exact area of the absorbing 
material with relation to that of the whole optical field. 

Another error arises from nonspecific radiation loss, which is largely an indeter- 
minate factor operating both in the visible and in the ultraviolet. Finally, one must 
know accurately the thickness of the absorbing structure. There is no easy way of 
determining this for sections thinner than 104%. There are a number of indirect 
methods that can be applied, but just focusing a microscope with the fine adjustment 
on the top and bottom of the section to get thicknesses is quite inaccurate unless done 
many times and evaluated statistically. 

Dr. M. J. Moses (Upton, N. Y.): Dr. Thomas has shown an absorption curve for 
the Feulgen reaction with a broad peak around 550myz, but the wavelengths at which 
absorption was measured are rather widely separated. We have studied in detail 
absorption curves of Feulgen-hydrolyzed DNA complexes in solution and in Trillium 
pollen-mother-cell nuclei. The broad peak was found to resolve into two maxima, one 
at about 550myz and the other at about 580my. An abstract of this work appears 
under Papers Read by Title at these meetings. 

Dr. Glick, in his comments, has given us a very useful theoretical evaluation of 
some of the errors involved in quantitative cytochemical measurements. For those 
of us who work with these methods, the problems are not as hopelessly insurmount- 
able as Dr. Glick has made them seem. His last objection, the difficulty of deter- 
mining section thickness, is a case in point. When we began making photometric 
measurements on our material (sections of Trillium pollen-mother-cell nuclei at 
meiotic pachytene, a relatively homogeneous stage) we also made many measure- 
ments of thickness. The method used was the laborious one well known to cytologists, 
that of focusing up and down. We determined thickness with an error of 5 percent 
or less, and we were able to come within that error measuring on different days 
and using material sectioned at different times, with different microtome knives, 
from different blocks, ete. 

When we plotted measured section-thickness against extinction of the Feulgen re- 
action, we found our data to be in good agreement with the linear relationship called 
for by Lambert's law. 

Moreover, it was possible to demonstrate Beer’s law by showing that in nuclei 
at one stage of division but varying in volume, where concentration of nuclear con- 
tents varies inversely as the volume, the extinction of the Feulgen reaction in sec- 
tions varied linearly as the reciprocal of nuclear volume within the limits of the 
error of measurement. 

Such observations are not unique and have been reported before. But they serve 
to support our belief that for practical purposes, and especially for relative measure- 
ments and comparisons, these methods, used properly, are valid and useful quanti- 
tatively. 

Dr. Lesster: An extended discussion of the factors and errors involved in photo- 
metric measurements with microscope colorimeters should be taken up in a special 
seminar. I do, however, wish to present a brief answer to Dr. Glick’s theoretical 
objections to the validity of such measurements :-— 

1) The stoichiometry of many reactions is incompletely known, yet we find such 
reactions give highly reproducible colorimetric curves. Where the histochemist 
achieves results of plus or minus a few percent, he may consider that his measure- 
ments are valid and leave the burden of proof of the absolute amounts involved to the 
chemist. 

2) Beer-Lambert law considerations are based on studies in homogeneous solu- 
tions. During the past few years the physical chemists have evolved a group of 
correction factors in order to use colorimetry as a measure of inhomogeneous mix- 
tures. Such corrections may be applied to cellular studies. Mere statement that 
the ideal Beer-Lambert curve does not hold is not a sound argument against 
quantitative microspectrophotometric cell studies. 
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3) Lack of homogeneity in the material may be corrected by selection of cells 
that show uniformity. If this is not feasible then we can determine the degree of 
inhomogeneity by making 3 to 5 random measurements of uniform areas of the 
structures being studied. For example, such measurements of the nuclei of 50 to 
100 similar cells would give an excellent estimate of the degree of inhomogeneity 
and allow the calculation of a correction factor. 

4) Nonspecific light loss can only be estimated. 

Here I would like to distinguish between the two main types of miscroscope 
colorimetry. One is represented by the Caspersson school where the colorimetry 
is based on absolute spectrophotometric considerations and involves instruments 
too expensive for the average laboratory. The other is comparison colorimetry 
where nonspecific factors are corrected for thropgh use of control sections just as 
one uses a blank reaction tube in an ordinary colorimeter. Although absolute 
spectrophotometry and comparison colorimetry of cellular structures are parallel 
fields, it must be recognized that the degree of accuracy of each must be considered 
independently. 

Dr. N. B. Kurnick (New Orleans, La.) : I should like to take a position between 
Dr. Glick’s and Dr. Lessler’s. Dr. Glick’s criticisms of quantitative photometric 
techniques are both practically and theoretically sound. Nevertheless, his far- 
reaching conclusion that the methods are altogether hopeless is to throw out the 
child with the bath water, and I would like to salvage the child. 

As Dr. Glick pointed out, there is no fixative that removes nothing. But there 
are fixatives available that will leave intact the specific substances that we may be 
interested in measuring. 

In the case of those few substances for which no fixative is now available that 
will neither remove them, nor destroy them, nor leave them in a state in which they 
will not be removed in subsequent steps, no histochemical procedure is now available. 


The method of fixation will vary. It will not always be a freezing-dehydration one, 
l am sure. 


I agree, one cannot assume that stoichiometry as found in the test tube will hold 
in the cell. Nevertheless, in certain situations it can be demonstrated to hold, and 
those situations are applicable for quantitative photometry. 

A method for determining whether or not stoichiometry holds will depend upon 
having available an in vitro cytochemical analysis of a substance such as a nucleic 
acid in nuclei, for comparison with the microphotometric determination. 

Homogeneity, cannot be overemphasized. I think that efforts to get around it are 
doomed to failure. But one can prepare homogeneous structures, particularly of 
nuclei, for example. The mere fact that something is reproducible does not mean 
that it is free of error. One can produce errors; heterogeneity is such an error 
that can be reproduced. And we have found that the ultraviolet absorption measure- 
ments of nuclei in the heterogeneous state give one-tenth of the extinction that one 
would expect for the amount of nucleic acid determined there by chemical means. 
But in the homogeneous stage, one gets the appropriate extinction. Thus, for certain 
specific determinations, one can carry out quantitative photometric determinations. 

Quantitative determination with the Feulgen reaction is open to some question, 
since its stoichiometry is rather uncertain. 

In regard to light scattering and thickness, the latter cancels out in determina- 
tions where the whole nucleus is used, since concentration is determined from 
measured density divided by thickness. To determine content, one has to multiply 
that value by the volume. Volume includes the factors of area and thickness, so 
that the thickness factor cancels out; and the thickness factor is not needed to 
determine the entire content, only if you want concentration. 

Finally, in regard to light scattering, in some measurements, nonspecific light losses 
are negligible. Furthermore, nonspecific light losses can be determined if one 
determines two or three absorptions at nonspecific wave lengths. By making 





222 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


ealculations on the basis that light dispersion follows Rayleigh’s formula and 
refraction is not significantly influenced by wave lengths, one can determine how 
much is due to dispersion and how much is due to refraction, and correct accordingly. 

What Dr. Glick has said of light dispersion and heterogeneity applies to much of 
the work done. Caspersson has shown that the absorption spectra of nuclei, fixed 
in the heterogeneous state, present maxima at 260 and at 275-280myz. The maximum 
at 260my, is about one-tenth what it ought to be. If one makes the thymocyte nucleus 
homogeneous and then carries out the determination, the hump at 275-280my disap 
pears, and one gets the same curve as for a nucleohistone solution, and the optical 
density at 260myz is what one would calculate from the chemical determination. 

Dr. LIEDERHOLD: Will the discussants give us some quantitative notion as to what 
degree of accuracy they are talking about? How much better can you do with the 
spectrophotometer? Can you get down to 1 percent or to 20 percent error? 

Dr. J. F. A. McManus (Charlottesville, Va.) : Comparative values are very im- 
portant from the viewpoint of pathology, because one of the things we would like 
to know is, is there a difference in a material in diseased tissue and in normal tissue? 
There can be complete absence, as in Mowry’s material, from the liver cell in diabetes 
mellitus; but in this disease, diabetes mellitus, one of the features is the presence of 
glycogen in nuclei. 

In other situations it is a matter of gradation,—the coloring of colloids in the 
thyroid gland with the HIO,-Schiff method, the phosphatase in the tubules in the 
kidney, and a few other situations. 

We can expect to have false starts in this. This is a revolution in chemistry, 
which is like the introduction of the microscope to anatomy. Not all anatomists ap- 
preciate that something new is happening, and there are not too many chemists who, 
like Dr. Glick, do recognize that there is a considerable revolution in progress. 

Granting these false starts and expecting error, I think we should look at things 
both from the viewpoint of practicality and the viewpoint of theoretical objection, 

From the viewpoint of practicality, if the two tissues are handled in approximately 
the same way, and consistently have a difference, and if this difference is grossly 
appreciable, it is probable that most practical men would appreciate that there is 
a difference. 

There can be theoretical] objections, I am quite sure, from every level. Species of 
animal, prefixation interval, type of fixation, and other similar factors are important. 
One must have something that shows a major degree of difference, and if the tissue 
is handled in approximately the same fashion, I am inclined to think the difference 
significant. 

It is not a bad idea to go from the histochemical to the chemical, rather than 
from the chemical to the histochemical. 

I believe that those observations are of some value, and we should expect these 
difficulties. On the one hand, we should be fighting for the precision that Dr. Glick 
represents, and at the same time we should be trying to expand the utility of these 
procedures and bring them into the widest possible use. 

Dr. Guick: In support of what I said this morning, we want badly to have methods 
that will give quantitative information as well as fine localization of chemical con- 
stituents. The danger is over-simplification. We are very apt to indulge in wishful 
thinking. 

No method is perfect, but it is important to know what the error is in a method, if 
one is going to interpret results with any degree of intelligence. 

Emphasizing some problems in photometry of stained sections, stoichiometry may 
or may not be obtained in the staining reaction, but anyone who presents a new 
method has the burden of proving the point. Then there are the errors of absorption, 
diffusion, and accessibility of the reagents to the structure to be stained. These are 
indeterminate. The validity of the Beer-Lambert law can be tested if one has a 
homogeneous sample and one measures absorption of different thicknesses. It is 
not sufficient, as has been suggested, to use a portion of the tissue that is homogeneous 
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for measurements and assume that the Beer-Lambert law will hold for other stained 
structures, even though it may hold for the homogeneous paraffin material. The error 
involved in nonhomogeneity of distribution of absorbing substance can be defined. 
I will not take the time to derive the formulas, but I will give an example: If in the 
optical field there is uniform distribution of some absorbing material,—and let us 
say that the transmission is 36 percent, if all of this absorbing material were to 
occupy half the field, one would have twice the concentration of absorbing material 
in half the field, and none in the other half. A simple calculation will show that the 
transmission will now be approximately 57 percent. In other words, one has in- 
troduced about 60-percent error just by rearranging the same amount of material in 
the same optical field. If one knows what percentage of the optical field is occupied 
by absorbing material one can correct for this type of error. 

The error from nonspecific radiation loss is rather hard to determine. Thickness 
can be determined with accuracy for isolated nuclei and fibers. The difficulty arises 
in measuring thickness of a given structure within a section. 

If figures are to be reported in the literature, they have to be defined in terms of 
their standard deviation; and if the deviation is 200 percent, what is called an in- 
crease might actually be a decrease. The matter of photometry of stained sections 
should not be over-simplified. 





Sakaguchi Tube Test for Arginine Applied to Histochemistry.’ T. N. Warren’ 
(by invitation) and J. F. A. McManus, University of Virginia, Charlottesville, Va. 


Abstract. Sakaguchi’s original test for arginine using a-naphthol was adapted to 
histochemical uses by Baker, Serra, and Thomas. These methods have the disad- 
vantage of an unstable color. Recently Sakaguchi has developed another test using 
8-hydroxyquinoline (oxine) in place of a-naphthol. This paper reports preliminary 
studies in the application of this method to histochemistry. This new method has the 
advantage of a simplified procedure producing a more stable arginine color. 

Formalin-fixed tissue is cut on the freezing microtome and attached to a slide. 
After partial air drying, the slide in a horizontal position is flooded with the following 
reaction mixture: 9 drops 8-nydroxyquinoline (oxine) solution 0.4 percent in absolute 
alcohol, 60 drops of water, 60 drops of 10 percent sodium hydroxide, and 8 drops 
of sodium hypochlorite (Eimer and Amend). Tissues rich in arginine develop an 
orange color in 2 to 5 minutes. The reaction may be halted by draining the slide and 
mounting in glycerine. The color does not perceptibly fade in 48 hours. 

A strong color is produced in the thymus gland of humans and rabbits, perhaps 
indicating a high arginine content of the histone in thymus nucleoprotein. The 
duodenum is strongly colored in the region of Brunner’s glands, where apoferritin is 
presumably manufactured. Colloid in thyroid tissue also stains deeply. Collagenous 
tissue has a moderately high arginine content. Normal epithelial tissues generally 
produce very little color. 


Discussion 


Dr. L. E. THomas (Columbia, Mo.) : There are some advantages in using first the 
alphanaphthol reagent and then the hypochlorite reagent, rather than using a mix- 
ture of the two. Hypochlorite reacts with almost any organic compound such as 
alphanaphthol or hydroxyquinoline, and the results may therefore be somewhat 
variable with the mixed reagent. 

Dehydrating with ethyl alcohol takes out some of the colored substance when 
the alphanaphthol method is used. The alcohol solutions become colored. Perhaps 
this would also happen when the hydroxyquinoline method is used. 


1 Aided by a grant from the National Institutes of Health. 


? Senior Assistant Surgeon, member, Section on Pathology, National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service. 
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Dr. Lieberman, in our laboratory, found that with the alphanaphthol reaction, 
preparations could be mounted in paraffin oil and that the stability of color was in- 
creased a great deal. 

Dr. H. Bank (Philadelphia, Pa.) : I would suggest testing sections of warts. 

Dr. WAkREN : I thank Dr. Blank for the suggestion. We shall include warts among 
the various cutaneous and other lesions we plan to examine. 

About the mixing of reagents, following the Baker variant of the Sakaguchi method, 
we were trying to develop as simple a procedure as possible. It is true that the 
arginine color is extracted by overexposure to alcohol. In our procedure only the 
briefest exposure to the graded alcohols is used, so that tissues are at no time al- 
lowed to remain in alcohol for more than several seconds after the development of 
the color. 


—_—_—_—_—_———__ 


A Histochemical Method of Demonstrating Mobile Components with Urea Localiza- 
tion as an Example. D. E. CopeLanp (by invitation), Brown University, Provi- 
dence, R. I. 


Abstract. The technique is based on the usual type of freezing-drying paraftin 
embedding of tissue plus utilization of the principles of “surface staining” (Cope- 
land, Stain Tech. 18, 165-174, 1943). The tissue used in developing the technique 
was elasmobranch kidney. Dehydration was done with due regard for the eutectic 
point, —53° C. being maintained with frozen diethylearbitol. Surface-cut blocks 
are floated face down in a concentrated solution of urease to which cobalt nitrate 
has been added, the amount of cobalt being limited to the level that causes not more 
than 50 percent inhibition of the enzyme. Digestion is followed by a very brief 
rinse in a stronger cobalt nitrate solution, then water wash followed by sulfiding 
in dilute ammonium sulfide, washing again, and mounting. All solutions and waslies, 
with the exception of the last wash, are made with Ringer’s solution from which 
carbonate has been omitted. The carbonate released by urease digestion of urea 
is bound by cobalt, and localization is demonstrated by the sulfiding. The technique 
has two possibilities: 1) Direct visualization of unbound components by direct re- 
action, say free iodine demonstration with palladium chloride. 2) Visualization of 
bound components by digestion with, or followed immediately by, an agent to pre- 
cipitate one of the products. Preliminary results indicate some merit to tryptic 
digestion of kidney followed by Sudan B to visualize freed lipids. 


Discussion 


Dr. H. BLank (Philadelphia, Pa.) : One of the purposes of the presentation of the 
techniques I described this morning was to indicate that radioactive isotopes could 
be used as a means of measuring the movements of water-soluble or alcohol-soluble 
elements. This technique serves as a measure of leaching and movement of the 
material, and allows one to gain quantitative data by analyzing the solution that is 
applied to the tissue. Holt and Warren have demonstrated that paraffin-embedded 
tissue containing radioactivity will lose perhaps 30 percent of the radioactivity when 
water is applied to the paraffiin-embedded tissue. It is obvious that if a reagent, 
such as urease, can enter the tissue there is nothing to prevent urea from coming 
out. So by applying water-soluble material, even to the paraffin-embedded substance, 
one damages the very thing that he is trying to achieve. We do not believe that our 
glycol method is ideal for all procedures. But it allowed the material we were in- 
terested in to remain in the tissue during the necessary procedures. But any solvent, 
whether water or alcohol, will leach chemicals out of tissue, no matter how the 
material is embedded. So I should emphasize that radioactive materials can be 
used as indicators for this histochemical leaching. 

De. R. D. Litim (Bethesda, Md.) : In line with Dr. Blank’s concept of quick freez- 
ing to immobilize soluble substances, I recently made a brief trial of the acetic 
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xanthydrol method for demonstrating urea. I added enough alcohol to prevent 
freezing at —25° C.—33 cc. plus 6 gm. xanthydrol plus glacial acetic to make 
100 ee.—quickly froze the tissue hard in petroleum ether and dry ice in 1 or 2 minutes, 
and then dropped it into the fixative for 2 weeks at —25° C. I got profuse deposits 
of xanthydryl-urea crystals in appropriate places in the kidney. 

Dr. DAvip GLIcK (Minneapolis, Minn.) : Dr. Blank expressed my own doubt about 
this. Not only is there the danger of losing the urea by leaching but also the danger 
of diffusion within the sections, so that when stained, it might represent a false 
localization. 

Dr. COPELAND: To my mind, it is purely a battle of diffusion gradients. For one 
thing, to get tissue into paraffin blocks you have to be absolutely sure of dehydration. 

In some cases where tissue is embedded, especially if ordinary chemical dehydra- 
tion is used, dehydration of the tissue is incomplete. 

Once the tissue is completely dehydrated and in paraffin, cut down to the surface 
and apply a reacting system of such concentration that the reaction is rapid. 

I visualized the individual units of tissue as being within paraffin barriers, if the 
length of time is short, the diffusion factor is going to be minimal, keeping in mind, 
of course, that the tissue is embedded in paraffin, which in itself cuts down on the 
diffusion. 


Histochemical Cholesterol Test (Liebermann-Burchard) of Lipids of Vascular and 
Other Tissues of the Body in Arteriolonephrosclerosis. R. D. Baker and (by 
invitation) E. SeLtxorr, Medical College of Alabama, Birmingham, Ala. 


Abstract. Arterioles, arteries, and other tissues from an autopsy of a case of 
arteriolonephrosclerosis were studied for the presence of cholesterol, sudanophilic 
lipid and hyaline change. 

A cholesterol-positive reaction was obtained in arterioles of the kidney, spleen, 
pancreas, liver, adrenal fibrous capsule, and striated muscle, in all the arteries 
tested (aorta, common carotid, cerebral, splenic, and coronary), and in the adrenal 
cortex, interstitial cells of testis, nerve filaments of voluntary muscle, myelin sheaths 
of central nervous system, and casts of tubules of kidney. 

All of the Liebermann-Burchard positive materials were also sudanophilic, except 
myelin-sheath material and casts of tubules of kidney (in other cases, casts have 
been sudanophilic). 

Sudanophilic substances that failed to give a positive Liebermann-Burchard re- 
action consisted of adipose tissue, sebaceous glands, “fatty change” of liver, lipo- 
chrome of cardiac muscle, and ganglion cells of spinal cord. This indicated that 
these lipids either contain no cholesterol to speak of or that cholesterol is bound in 
such fashion as not to be demonstrable by the Liebermann-Burchard test. It is well 
to realize that not all sudanophilic material is Liebermann-Burchard positive, and 
that not all Liebermann-Burchard positive material is sudanophilic. 

Reference is made to 47 additional cases in which hyaline renal arterioles gave 
almost consistently positive Liebermann-Burchard reaction and sudanophilia. While 
the hyalin of arteriolosclerosis gave this result, no hyaline appearance in hema- 
toxylin and eosin sections was found in the other substances of the body that gave 
these positive lipid and cholesterol tests (except for the hyaline casts of renal 
tubules). 


A New Histochemical Technique for Lipids Applied to Plasmal. M. H. Hack (by 
invitation), University of Chicago, Chicago, Ill. 


Abstract. A new lipid histochemical technique, based on the preparation of 
frozen sections of frozen-dried tissues infiltrated at 15° C. with polyethylene glycol 
(M. P. 5° C.: Polyethylene Glycol 400 of the Carbon and Carbide Corporation). In 
addition to maintaining the cellular localization of lipids (plasmalogen and neutral 
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fat) this procedure permits the preparation of sections possessing excellent cytologic 
detail. 

By the use of this technique, the normal distribution of plasmalogen was studied in 
a variety of tissues of several mammals. 

It was shown that plasmalogen was mostly confined to the submicroscopic material 
of cytoplasm. The nuclei of all cells were negative. The neutral fat droplets of 
fasting liver, adrenal cortex, and intestine were also negative. In certain instances 
to be described, the plasmalogen was a prominent component of a) cytoplasmic 
particles, and b) intercellular substance. 

Certain species differences in plasmalogen distribution will be pointed out. 


Discussion 


Dr. H. BLanxk (Philadelphia, Pa.): I would like to ask which glycol was used, 
and also to suggest a variation in the technique. If one is not afraid of leaching 
water-soluble substances, and infiltrates the material by leaving it in a glycol mixture 
of 1,500 and 4,000 dissolved in water, and then puts it in a vacuum, one can get a 
good, hard block, which has never been above room temperature. Then one can 
cut sections at 2y or thicker. 

Mr. Hack: The glycol used was the one that had an average molecular weight of 
400. It was used simply because it had suitable consistency at 15 degrees to penetrate 
rapidly and with which one could make frozen sections. 

There is no doubt that various glycol mixtures would give similar results, but for 
our purposes the method described worked very well. It is quite easy to get sections 
4u in thickness, although this is not always practical, because the plasmal concen- 
tration is often so slight and the cells are so large that if you want to see the plasmal, 
it is necessary to make sections in the neighborhood of 20x. 


Histochemical Demonstration of Active Carbonyl Groups in Normal and Neoplastic 
Tissues. A. M. SeLticGMaN, RivKa ASHBEL (by invitation), and R. B. Conen (by 
invitation), Beth Israel Hospital and Harvard Medical School, Boston, Mass. 


Abstract. A method for the histochemical demonstration of active carbonyl 
groups of lipoid and nonlipoid material in various tissues was recently developed 
with the agent, 3-hydroxy-2-naphthoic acid hydrazide. After formalin fixation of 
the tissue, it was possible to demonstrate active carbonyl groups in some of the 
lipoid of various endocrine glands such as adrenal cortex, corpus luteum, testicular 
interstitial cells, and syncytial trophoblasts of placenta. Evidence will be presented 
that the carbonyl groups so demonstrated are ketonic rather than aldehydic. The 
demonstration of ketosteroids in virilizing tumors of the adrenal cortex, in adrenal 
cortical tumors with and without Cushing's syndrome, and in interstitial and 
Sertoli tumors of the testicle will be presented. 

Material which is found in the white matter of the central nervous system, in the 
myelin sheath of peripheral nerve, and in other tissues, is poorly soluble in lipoid 
solvents, contains carbonyl groups after fixation in formalin and is considered to 
be similar to proteolipid isolated from the white matter of brain by Folch and Lees. 
Data on normal nervous tissue, degenerating nerves, and neoplastic nervous tissue 
will be presented. 


Discussion 


Dr. G. Gomori (Chicago, Ill.) : I don't doubt that they would react. However, I 
doubt very much whether a positive reaction indicates the presence of ketosteroid 
at all. 

Not all of these reactions are due to plasmal. Plasmal is only one of the sub- 
stances that cause this reaction, and I actually think that another group of substances 
to which Cain has drawn attention is much more important. 
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Fatty aldehydes and peroxides are stable in formalin for decades as proved by 
successful Nadi reactions of very old formalin material. Everybody will have to 
admit that as far as localization is concerned, the reactions with phenylhydrazine 
and with any of the newer reagents are absolutely identical and indistinguishable. 

It is possible that in all places where there is ketosteroid, either plasmal or fatty 
acid, peroxide is also present; but that would be a very peculiar coincidence. Pos- 
sibly these peroxides or potential aldehyde substances play an important role in 
the synthesis or breakdown of ketosteroids. If this reaction is really due to 
ketosteroids, then we are mistaken in our former estimates, because the adrenal, 
according to my calculations, must contain 3-4 percent reacting material. It is 
very unlikely. " 

Dr. H. STaNtey Bennetr (Seattle, Wash.): I believe that the first use of the 
phenylhydrazine reaction for the detection of carbonyl groups in sectjons is to be 
attributed to George Haas. 

In the second place, I am grateful to Dr. Gomori for calling attention to the fact 
that in my original papers describing the use of this method in the adrenal cortex, 
the evidence was not adequate to support all the conclusions presented. 

I am glad to have Dr. Seligman coming forth with evidence that there are probably 
ketones involved in these reactions as well as aldehydes. I am a bit jarred by the 
glibness with which he speaks of this reaction being due to ketosteroid. I would 
prefer the term “active carbonyl groups,” and where evidence indicates that ketones 
are present, the term “active ketones.” 

Dr. SELIGMAN: I am always impressed by Dr. Gomori’s arguments, because I know 
they are based on very careful observation. 

His suggestion that peroxides may be responsible for some of these reactions seems 
to me to be subject to the objection that the peroxides would behave essentially as 
aldehydes after exposure to water. Under the conditions of the reaction as we have 
carried them out in many tissues, there would hardly be time for peroxides to form. 
We can demonstrate this reaction in adrenal cortex after 1 hour of formalin fixation, 
as well as in some experiments in which we have added sodium bisulphite to the 
fixing material to be sure that there was no oxidizing agent present. If peroxides are 
already present in the tissue, formalin fixation should not be necessary to unmask 
them. Furthermore, I find it no easier to believe that the adrenal cortex contains 
3-4 percent peroxides than that it contains this amount of ketosteroid. 

Most impressive is the fact that one gets the same picture if the tissue is fixed for 
1 hour or for a year. If oxidation of unsaturated fatty acids were at stake, one 
would expect the reaction to increase with time. Also, one would expect the reaction 
in other fatty tissues where there are fats and unsaturated fats; and we have not 
been able to demonstrate it in those tissues, fixed in formalin. 

We haven't tried to quantitate the amount of steroid in tissue by the reaction. We 
are not sure that some of the carbonyl-containing material may not be precursors of 
the ketosteroids as we know them. They may not be the final hormones, but they still 
may be ketonic and on the way to ketosteroids, and that could account for the 
smaller amount obtained after the extraction of tissue and assay. The amounts 
in tissue aren’t too accurately known, as a matter of fact. The amounts that are 
given in the literature based on assay methods fall short because of great losses in 
the process of isolation. I am not sure that there may not be much more in the 
tissue than would be suspected from that kind of assay work. 

Dr. Bennett is quite right in saying that these methods are not specific for 
ketosteroids. When we run into a tumor such as the hemangioblastoma of the cere- 
bellum none of us would dare call that reacting material ketosteroid. It does contain 
carbonyl groups. It is ketonic carbonyl according to our tests, but we could not call 
it ketosteroid without other corroborative evidence. 

In the case of the endocrine glands and the functioning tumors, the material is 
ketonic. To jump to the conclusion that it is ketosteroid is, of course, a presumption 
that leans heavily on other corroborative evidence. We are presuming that we are 
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demonstrating ketosteroid. It may be that we are measuring some other type of 
ketone as well. I think that conclusive proof will be afforded only after isolation 
and characterization of these ketones. But the reaction itself, the test itself, is not 
specific for ketosteroids. There is no question about that. 

Dr. Gomori: Peroxides do not form after the removal of the tissue, or they do 
form but are present right off the bat. 


Modification of the Hotchkiss Spot Test to be used as a Guide for the Histochemical 
Interpretation of the Periodic Acid-Fuchsin Sulfurous Acid Technique. R. Guecc, 


Y. CLERMONT (both by invitation), and C. P. Lestonp, McGill University, Montreal, 
Canada. 


Abstract. Hotchkiss interpreted the histochemical reactions obtained by staining 
with periodic acid-fuchsin sulfurous acid as indicating the presence of 1,2-glycol 
groups, with the possible substitution of an amino or alkylamino group for an alcohol 
group. In paraffin sections such linkages should be encountered mostly in 
polysaccharides, Other authors have denied the specificity of the periodic acid- 
fuchsin sulfurous acid reaction. The criticisms have been partly based on the 
results of a spot test devised by Hotchkiss himself to assess in vitro the reactivity 
of the substances that might be present in histologic slides. Not only polysaccharides, 
but also most proteins and phenols gave an intense reaction with this spot test. If 
the same substances were to react in histologic slides, the histochemical method 
would indeed have little or no value. 

It was felt, however, that the spot test was not comparable to the histochemical 
procedure. A modified test was carried out as follows: Films of the substances 
under study were spread on ordinary histologic slides (this was mostly done with 
proteins and polysaccharides). Solutions of known concentration were allowed 
to evaporate slowly on a given surface of standard histologic slides, until the thick- 
ness of the dried films was from 5 to 10 uw. These films were carried through the 
standard histochemical procedure and the intensity of the staining was examined. 
Of eight proteins that gave positive reactions with the Hotchkiss’ spot test, only 
two (egg albumen and erepsin) showed a significant color in the film test. All 
available polysaccharides gave a positive Hotchkiss spot test. However, with the 
film test, mucin and pectin showed intense reactions—far stronger than those of 
any proteins—but hyaluronic acid gave a negative result. The absence of reaction 
with this substance and the presence of a reaction with pectin and mucin are in 
agreement with the fact that hyaluronic acid does not, but pectin and mucin do 
possess reactive 1,2-glycol groups. Thus, the improved results so far obtained with the 
film test are in agreement with Hotchkiss’ interpretation of the reaction. 


Investigations on the Histochemical Demonstration of Carbohydrates by the Periodic 
Acid-Schiff Method.’ J. F. A. McManus and (by invitation) C. Hocu-Licert, 
University of Virginia Medical School, Charlottesville, Va. 


Abstract. This report describes the reinvestigation in tissue sections and in the 
test tube of the basic reactions involved in the periodic-acid oxidation of 1,2-glycols 
and the subsequent demonstration of the polyaldehydes with Schiff’s reagent. 

One-half percent aqueous periodic acid will not produce a precipitate with fresh 
Schiff’s reagent except in proportions in excess of 1:5. The first compound formed 
between periodic acid and Schiff's reagent is soluble in excess of Schiff’s reagent. 
In the presence of a small amount of periodic acid, Schiff’s reagent is available to 
color aldehydes in tissue sections but no oxidizing effect of periodic acid can be 


1 Aided by grant from the National Institutes of Health. 
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demonstrated. For these reasons, sections need not be rinsed after periodic-acid 
oxidation but may be taken directly to Schiff’s reagent, which acts like a reducing 
rinse. 

Variations in the composition of Schiff’s reagent may produce variable results, 
depending apparently upon the amount of excess hydrochloric or sulfurous acid. 
If an excess of substrate, capable of combining with sulfurous acid, is present in 
the spot test, periodic acid or periodate oxidation may recolor the Schiff reagent. 
A large excess of Schiff reagent seems to prevent this occurrence. 

The possibility of substituted 1,2 glycols and ring structures being oxidized under 
the conditions of the periodic acid-Schiff reaction should be considered in the light 
of known optima of time and pH for these oxidations. Practically, the periodic 
acid-Schiff reaction shows 1,2 glycols, usually carbohydrate. This may be checked 
with the acetylation technique of McManus and Cason, further precautions and safe- 
guards of which are described. 


Discussion 


Dr. L. Weiss (Boston, Mass.) : I would like to suggest that under certain circum- 
stances very little carbohydrate may be necessary to give a very intense reaction. 

Drs. Hudson and Jackson, in evaluating periodic-acid oxidation of various car- 
bohydrates, found that a considerable amount of time might be necessary to oxidize 
carbohydrate completely. After 5 minutes of oxidation, which is all we use in the 
periodic acid-Scbiff routine, much carbohydrate may remain unoxidized. 

Certain strongly reacting compounds consume a very small amount of periodic 
acid: I believe in the neighborhood of 0.2 mole for each repeating unit of hyaluronic 
acid. I think this, too, suggests that a very small amount of carbohydrate may give 
a very intense reaction. Simply because we have a smal] amount of carbohydrate 
in the material that reacts we cannot be sure that other materials are not responsible 
for the reaction. 

Dr. McManus: I have repeated that work, and it is positive. 

Dr. Ronatp E. Gieee (Montreal, Canada): Since the sample of thyroglobulin 
gave a strong red color, but was found to contain only 1 percent carbohydrate, the 
reaction may be due to the protein component rather than to the carbohydrate 
moiety. Both possibilities must be considered. 

Dr. Weiss: I do not believe that the reaction entitles one to say whether or not 
the reacting material is either carbohydrate or protein. What one may say is that 
the reacting substance very likely contains a 1,2-glycol linkage or —OH and —NH; 
groups on contiguous C atoms. We know, moreover, that the intensity of the re- 
action does not bear any necessary relation to the concentration of these reacting 
groups. Knowing that very small amounts of carbohydrate can give very intense 
reactions, a positive reaction, in and of itself, does not entitle one to say that other 
factors are responsible or that the carbohydrate is responsible. 

Dn. McManus: I would like again to stress that we get a reaction with known 
carbohydrates, and we get a reaction with materials that cannot possibly be chemi- 
cally pure. It may be that it is due to something else besides carbohydrates. 





Histochemical Comparison of the KMnO,, CrO; and HIO, Oxidation-Schiff Techni- 
ques. R. D. LILuiz, National Institutes of Health, Bethesda, Md. 


Abstract. KMnO,, CrO; and HIO, apparently all produce aldehydes from the same 
general group of substances. KMnQ, and CrO; also destroy the aldehydes that they 
have produced, as well as those previously produced by HIO, oxidation or by the 
Feulgen HCl hydrolysis. NaHSO; blockade, by occupying a considerable proportion of 
the aldehyde groups previously produced by HIO, oxidation, creates a general tissue 
picture in regard to reactive substances, visualized with Schiff reagent, similar to 
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that produced by oxidation primarily by KMnQ, or CrOs, or by oxidations with these 
reagents after prior HIO, treatment. NaHSO, blockade also renders the Schiff 
reaction negative after KMnQ, and CrO, oxidations, and adequate acetylation before 
oxidation prevents all three reactions. 

It is suggested that HIO, Schiff positive substances that fail to give KMnO, and 
CrO,; reactions are those that possess relatively few reactive groups per molecule. 


Discussion 


Dr. G. Gomort (Chicago, Ill.) : I would like to mention a rather obscure reference 
by Bignardi in some Italian journal, in which he makes the statement that metachro- 
matic staining and positive reaction with any modification of Schiff’s reaction are 
due to different groups altogether. 

Dr. Littre: I am familiar with Bignardi’s paper. 

Dr. J. F. A. McManus (Charlottesville, Va.) : I think Bensley showed that if you 
chrome anything long enough, it can become metachromatic. 

Dr. Gomorr: I don’t know that. 


Effectiveness of Schiff Variants in the Periodic-Schiff and Feulgen Nucleal Tech- 


niques. J. LonGiey (by invitation) and R. D. Lite, National Institutes of Health, 
Bethesda, Md. 


Abstract. The formulae for Schiff reagents vary greatly, indicating that to a large 


extent their origins are empirical. Since Lillie’s recent experiments with sulfite 


blockade of aldehydes formed in various histochemical techniques, the fact that all 
Schiff reagents contain large excesses of SO, suggests that all may also diverge 
considerably from a practical optimum, and if in this respect perhaps in others also. 


In this investigation we undertook to determine optimal limits for sulfite, fuchsin, 
and hydrogen-ion concentration, as they affect the behavior of Schiff reagents in the 
periodic acid and Feulgen techniques, and the effect of decolorizing processes on the 
fuchsin content. 

We have found that although any sulfite pretreatment, such as the Hotchkiss 
rinse, is inadvisable, as a component of the Schiff reagent, even at saturation, SO, 


has little effect on the aldehyde reaction. At low levels even in the absence of 
excess SO;, which is not true in vitro, the histochemical reactions will proceed almost 
unaffected. An SO,:fuchsin molar ratio of 10:1 to 5:1 will usually be most 
advantageous. 

The optimum concentration of fuchsin approximates 0.5 gm. per 100 cc. of water, 
preferably dissolved cold. Above this level, heavy precipitates will soon occur in 
stored reagents, and at lower levels the leucofuchsin concentration becomes too low 
for reliable staining. 

It has been reported that removal of the yellow-brown impurities of basic fuchsin 
that resist SO. bleaching can be achieved by charcoal adsorption before this opera- 
tion. We have confirmed this, but it was noted that as much as half the fuchsin 
in the solution may also be removed; the loss of dye in the usual procedure is 
relatively small. 

Above pH 3 precipitates are formed and nonspecific staining occurs. A pH of 
less than 2 allows ample margin of safety and is fully effective. 


Discussion 
Dr. M. A. Lesster (Columbus, Ohio) : The paper just presented is a real contribu- 
tion and points to the need for agreement among histochemists using Schiff-type 
reagents. Much laboratory-to-laboratory variance is due to: 
1) Use of reagent of inconstant and unknown pH. 


2) Differences in dye concentration of the reagent. 
3) Lack of attention to exact time and temperature of reaction. 
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The Feulgen reagent used in my laboratory is prepared as described by Rafalko 
(Stain Tech. 21: 91, 1946). It is stored in screw-top bottles in the ice box and is 
used in screw-top coplin jars to prevent the loss of SO.. With such precautions one 
can keep the reagent several months without loss of sensitivity. 

It should be pointed out that many laboratories used Schiff-type reagents as a 
histologist would in dumping a batch of slides into hematoxylin. No attempt is 
made to regulate room or solution temperature, nor is any check kept on the con- 
dition of the solutions until batches of slides start to go bad. These points are major 
considerations in obtaining reproducible histochemical reactions such as the Feulgen 
reaction. 

We isolated the precipitate you found by vacuum distillation of the Feulgen 
reagent. As you mentioned, it proved to be highly insoluble. We tried both inorganic 
and organic solvents and found that it failed to dissolve in either. On exposure to 
air the dried “leucofuchsin crystals” did not recolorize unless placed in a moist 
chamber. Addition of very dilute formol solution to the crystals causes them to 
color immediately. 

Dr. W. B. ATKiInson (Cincinnati, Ohio): We have carried out a series of photo- 
metric studies of factors affecting the recolorization of leucofuchsin in vitro. Some 
of our observations may be of interest in view of the previous paper. 

First, the particular reducing agent used in decolorizing the basic fuchsin affects 
the sensitivity of the reagent. In order named, decreased sensitivity results when 
leucofuchsin is prepared with equimolar amounts of thiosulfate, bisulfite, hydro- 
sulfiite, and metabisulfite, the first being approximately twice as effective as the last. 

Second, the molar ratio of reducing substance to dye is a crucial factor. In the 
case of bisulfite, maximal sensitivity was obtained at a bisulfite-to-dye ratio of 10:1. 

Finally, temperature is also important. For instance, at 30° C. about 50 percent 
more dye is recolorized by a given amount of formaldehyde than at 20° C. 

Obviously studies such as those presented by Drs. Longley and Lillie emphasize 
the need for greater uniformity of technique from laboratory to laboratory if results 
are to be comparable. 

Dr. J. F. A. McManus (Charlottesville, Va.) : Just on the side of practicality, take 
a block that gives you 10 sections, and do a HIO, Schiff reaction from day to day, 
over a period of a week the Schiff reaction does not appreciably deteriorate. 

Finally, the acidity of Schiff’s reagent has been varied as long ago as 1910, when 
it was said that one can actually separate acetaldehyde from formaldehyde by 
changing the pH. That might be worth looking into further in regard to tissue. 

Dr. C. H. U. Cuv (New York, N. Y.): I have been working with the Schiff’s reagent 
for some time, and I think all the work done and reported here is to be highly 
complimented. 

I often wonder just what the exact nature of the Schiff’s reagent is. If Schiff’s 
reagent is defined as basic fuchsin decolorized by sulfurous acid that serves as a test 
reagent for aldehydes, then a much more specific and selective reagent has been 
proposed by Wang (quoted in Feigl’s Spot Tests) by decolorizing p-rosaniline with 
ammonium hydroxide. I also find basic fuchsin can be decolorized with ammonium 
hydroxide. This reagent reacts only with aldehydes without interference by free 
bromine and unsaturated fatty acids. 

The work reported here by Dr. Longley is indeed fundamental. It directs our 
attention to some basic problems about the Schiff’s reagent. For instance, the re- 
action between aldehyde and the Schiff’s reagent—is it an addition reaction as sug- 
gested by Wieland, or is it a condensation reaction? This, I think, is one of the 
fundamental questions we must try to answer. 

Dr. LONGLEY: Many of the points that have been raised I fear are beyond the 
limits of my competence to answer. We have mainly been trying to provide the 
sort of data Dr. McManus has called for, which will tell us the practical limits 
governing the use of Schiff reagents in histochemical procedures. 
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Concerning the importance of sulphite content, Dr. Atkinson and ourselves are 
really in disagreement, but I think this is more a matter of difference in points of 
view than anything else. Ely and Ross say they have observed a very rapid increase 
in intensity of coloration with partially hydrolyzed desoxyribonucleic acid in direct 
proportion to the amount of sulphite in their Schiff. Compared to this we found 
using HCHO some variations up or down at different sulfite levels, but none were 
large enough to influence to a definite degree the results of staining in the jar. I 
believe that we have missed Dr. Atkinson’s peak among these, which are sizable in 
one sense, but quite insignificant beside those of Ely and Ross. 

Decolorization at the lower sulphite levels is slow, but can be obtained after 
several days in stoppered test, tubes far below the three-mole ratio. One mole of 
sulfite has generally been accepted as the theoretical amount required. 





The Nucleoproteins of Normal and Irradiated Onion Cells. H. Swirr, and Exien M. 
RascuH (by invitation), University of Chicago, Chicago, Il. 


Abstract. Onion bulbs were exposed to slow neutron radiation in the heavy water 
pile of the Argonne National Laboratory. The bulbs were then grown in soil and 
the effects of irradiation on individual root nuclei were studied with microphoto- 
metric techniques. The amount of desoxyribose nucleic acid (DNA) per nucleus 
was estimated by the Feulgen reaction, and proteins were studied with the Millon 
reaction and fast green. In root tips from bulbs irradiated for 16 minutes (5.8x10” 
neutrons per square centimeter per second) and studied 48 hours after planting, 
mitoses were absent. Whe intermediate amounts of DNA associated with DNA 
synthesis were also lacking, all meristem nuclei containing either two or four times 
the haploid amount. Since the distribution of DNA values found was approximately 
the same as at the time of irradiation, apparently no DNA synthesis occurred during 
root growth. In contrast to the effect on DNA synthesis, amounts of Millon and 
fast green dye per nucleus were essentially the same in treated and control root 
tips. The amounts of DNA and protein per nucleus were also studied during the 
normal mitotic cycle. Whereas DNA was always found to increase to twice the 
diploid amount prior to mitosis, this was not true of the fast green stained com- 
ponents. The difference in quantitative behavior between the DNA and proteins of 
the nucleus in response to irradiation, as well as the apparent difference in the 
time of duplication of basic proteins in the mitotic cycle, suggests that DNA is 
necessary for the start of each cell generation, but that the basic chromosomal 
proteins are active in cell growth. These conclusions are tentative, and are based 
on the assumption that total protein is reflected in the quantitative measurements 
with the Millon and fast green preparations used. 





The Effect of X-Rays on Desoxypentose Nucleic Acid in situ. Quantitative Cyto- 
chemical Studies on Trillium Erectum.’ M. J. Moses, R. DuBow (by invitation), 
and A. H. Sparrow, Brookhaven National Laboratory, Upton, N. Y. 


Abstract. X-rays are known to reduce the viscosity of solutions of desoxypentose 
nucleic acid (DNA). This has been interpreted as a depolymerization of the DNA 
molecule. However, this effect has only been observed on extracted DNA and it is 
not known that depolymerization actually occurs in the intact cell. Such evidence 
has been sought cytochemically, utilizing quantitatively the methyl green reaction 
for polymerized DNA and the Feulgen reaction for total DNA. We have used a 
modification of the latter reaction (varying times of N/1 HCl hydrolysis) which 





1 Research carried out at Brookhaven National Laboratory under the auspices of the Atomic 
Energy Commission. 
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measures the rate at which acid degradation occurs and yields further information 
on the state of the molecule. Living buds of Trillium erectum at different stages 
of meiosis were irradiated at 50, 200, and 20,000 r, the last dose being sufficient 
to reduce viscosity of DNA solutions markedly. Methyl green and Feulgen re 
actions were carried out on sections of the Carnoy-fixed anthers. Microphotometric 
measurements were made of the dye content of pollen mother-cell nuclei. In no 
case did irradiation produce the anticipated decrease in methyl green content. In 
one experiment, pachytene nuclei, 1 hour after irradiation at 20,000 r showed a 
20 percent increase in methyl green concentration over controls, although the total 
dye content did not change. The Feulgen reaction was not measurably affected, in- 
dicating no change in total DNA. The degradation of DNA (loss of thymic acid) 
through prolonged hydrolysis was not markedly affected after 20,000 r. From the 
methyl green results it is apparent that depolymerization of DNA, such as is caused 
by treatment with hot water or the enzyme desoxyribonuclease, has not been induced 
by X-irradiation. 


Discussion 


Dr. Davip Guiicx (Minneapolis, Minn.) : One point ought to be clarified, and that is 
if one plots extinction against thickness of section-absorbing radiation, one has a 
test of the validity of the Lambert-Beer law, provided the optical field is homogeneous 
with respect to the absorbing material. It is possible to get a straight-line relation- 
ship with inhomogeneous distribution, but then the straight line will be in error by 
a constant factor. 

It may be, in the work just presented, that the material was sufficiently homo- 
geneous to obviate this consideration. However, if this was not the case, the 
deviation between the line that would be obtained for the homogeneous distribution 
and that experimentally obtained would vary with the degree of inhomogeneity. 

Dr. N. B. Kurnick (New Orleans, La.): Would Dr. Moses clarify a little his 
explanation about the lack of change ins methyl green? We have found methyl 
green a very sensitive indicator of polymerization. In fact, we have developed a 
method for the determination of desoxyribonuclease activity in vitro using this 
property. 

Dr. Moses: With respect to Dr. Glick’s remarks, I wish to bring out three points 
about the homogeneity problem. 

In the first place, one could not obtain a straight line relationship between thick- 
ness and observed extinction in such an inhomogeneous system as Dr. Glick proposes. 
The resultant curve approaches a straight line only as the system becomes 
homogeneous. 

However, the fact that this law holds in our material is not alone sufficient to 
satisfy the criteria of quantitative photometry. As shown in the slide where ex- 
tinction varies linearly with nuclear volume (concentration), Beer’s law is also 
satisfied. If the inhomogeneity error were large, then one could not obtain a 
straight line in this case either. 

A second piece of evidence bears on the homogeneity of our material. If one as- 
sumes that the absorption curve of the dye complex in solution is the same as that of 
the complex in the nucleus, and we have evidence that it is, one can measure extinc- 
tions at two different wave lengths of a standard solution and of nuclei. Any degree 
of inhomogeneity will produce a difference in ratio of extinctions at the two wave 
lengths. 

We have done this with the Feulgen-DNA complex, measuring at 480 and 510mz. 
The ratio of extinction in the test-tube standard was 2.19; the ratio in the nucleus 
was 2.21, indicating little or no inhomogeneity. 

Lastly, we have fixed with two different fixing fluids: Carnoy’s, which produces 
considerable inhomogeneity, and formalin-lanthanum acetate. Formalin has gen- 
erally been found to give a homogeneous-appearing nucleus and lanthanum tends to 
prohibit the loss of materials during fixation and subsequent treatment. 
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The amount of Feulgen-DNA computed in arbitrary amounts for the Carnoy-fixed 
nuclei was 35 and for the formalin-lanthanum-acetate-fixed material was 36. In our 
material and under the worst conditions, the inhomogeneity error cannot be large. 

As far as Dr. Kurnick’s question is concerned, I do not know how to explain our 
methyl-green results except to repeat that, in this material, it means either that 
X-rays do not produce the same sort of depolymerization of nucleic acid in situ that 
hot water, HCl, and desoxyribonuclease produce, or that these agents, in addition 
to producing depolymerization, bring about secondary reactions that prohibit the 
combination of methyl green with DNA. 

Dr. KurnicK: Dr. Moses, in his reply, indicates that he can not account for the 
fact that he has not detected the depolymerization. I would like to know what evi- 
dence there is that there had been any depolymerization to detect. 

Dr. Moses: The evidence from in vitro data indicates that depolymerization cer- 
tainly should take place at 20,000 r. As a matter of fact, it takes place at consider- 
ably lower doses—500 r in certain cases. Moreover, Limperos and Mosher have 
reported depolymerization of DNA extracted from the thymus glands of rats irradi- 
ated with 1,000 r of X-rays. 

We also have material irradiated at 40,000 r and 80,000 r, and there is no visible 
loss in methyl-green stainability ; moreover there is no loss at other stages of division, 
such as metaphase and anaphase, which are highly sensitive to X-ray damage at 
very low doses. 

Dr. KurnickK: Both in dead and in living tissue irradiated nucleic acid may not 
behave as in aqueous solution. After very large X-ray dosage, extracted desoxyri- 
bonucleic acid is still quite viscous. 

Dr. 8S. Mupp (Philadelphia, Pa.) : Dr. Mosher and his colleagues have shown that 
the depolymerizing effect of X-rays is not an immediate primary effect, but is inter- 
mediated by a free radical chain reaction, which the X-irradiation starts and which, 
in animal tissue, they find can be stopped by chemicals that stop those free-radical 
reactions. So it seems that there might be some chemical factors in the environ- 
ment here, in these cells that might help in preventing chemical free-radical re- 
actions, which are not present in the gut cells of the animals with which Mosher 
worked or in in vitro work. 

Dr. A. H. Sparrow (Upton, N. Y.): In reply to Dr. Mudd’s suggestion that perhaps 
there wasn’t really any radiobiological effect, I would like to say that we have 
studied Trillium very carefully and know quite well what doses will produce a 
radiobiological effect. It is one of the most sensitive plants we have studied as far 
as radiation effect is concerned, and at the pachytene stage, 200 r is approaching the 
lethal dose; hence 20,000 r, 40,000 r, and 80,000 r are away beyond the lethal dose. 

Dr. Kurnick was quite right in pointing out that it was our responsibility to prove 
that depolymerization had occurred. In view of the fact that depolymerization 
does occur in other similar systems, we suspect that depolymerization should occur 
under our conditions, especially with the higher dosages. We have no explanation, 
as yet, for the failure of the methyl green procedure to demonstrate a change in 
degree of polymerization. 

Dr. G. Gomori (Chicago, Ill.) : Again referring to Beer’s law in microscopic colorim- 
etry, a homogeneous system is the only absolutely good example for the holding of 
Beer’s law. However, in many inhomogeneous systems it will hold, provided the 
inhomogeneity is random. This rarely happens in biological material. However, 
even if the inhomogeneity is not random, Beer’s law may hold very well, far beyond 
what we require biologically. 

Another point to be stressed is that the degree of error increases with the absolute 
density of the particles. Let us suppose that 10 particles, each with a density of 
90 percent, uniformly cover the field of the photometer. Then a density of 90 percent 
will be recorded. But, if the 10 particles are lined up in the light path in a single 
area, then 90 percent of the field is unoccupied and the photometer records 90 
percent transmission instead of 10 percent. However, if the 10 particles have a 
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density of only 10 percent, 90 percent transmission will be recorded if they are 
uniformly distributed, and 91 percent if they are aligned in the area occupied by 
one of them alone. 


So it is really the absolute transmission of the individual particles that counts. 
With transparent shades such as you obtain in the Feulgen reaction, even grossly 
irregular distribution will not cause significant errors. On the other hand, if you 
tried to determine colorimetrically a positive reaction where the particles are black 
as ink and the field is mottled white and black, then the error may be several 
thousand percent, on account of the nonrandom distribution. 

I believe Dr. Glick was correct. 

Dr. Mupp: I am puzzled about this, since Mosher’s group have found that ultra- 
violet microphotography has been a very potent indicator of changes produced by 
ionizing irradiation. I wonder if ultraviolet photomicrographs of your material 
before and after irradiation would throw any light on its condition. 

Dr. Moses: We have some ultraviolet measurements made on the same material 
that we reported on. There was no change in amount of the ultraviolet-absorbing 
material. There may have been some change in the ribonuclease removable ab- 
sorbing material, but we are not prepared to say anything about that. 

I think the most we can say from these results is that this large a dose did 
not produce the depolymerization, as measured by methyl green, that we at first 
expected. Therefore, we have to try considerably larger doses, and if these do not 
produce depolymerization, either we have to look for a different cytochemical measure 
of depolymerization or we have to begin to look very critically at the word “de- 
polymerization” as produced by ionizing irradiation. 

Dr. Mupp: You don’t think that ultraviolet cytologic pictures would help? They 
did seem to help Ely and Ross. 

Ds. Moses: We haven’t taken any photographs. We only looked at the material 
through the fluorescent observing eyepiece, and we have not been able to see any 
differences. 





Polysteny in Salivary-Gland Chromosomes. N. B. Kurnick,’ Tulane University, 
and (by invitation) I. H. HersKowrtz,’ Louisiana State University, New Orleans, 
La. 


Abstract. Since there is considerable evidence that the amount of desoxyribose- 
nucleic acid (DNA) per set of chromosomes is constant, measurements of DNA 
content in different nuclei of an individual should provide information about the 
presence and degree of polyploid or polyteny. 

The methyl-green method (Hzrper. Cell Res. 1: 151, 1950) was used for the quanti- 
tative estimation of polymerized DNA in salivary-gland nuclei and anlage cells of 
Drosophila melanogaster larvae. In order to prepare homogeneous nuclei suitable 
for photometric analysis, larvae were dissected in 4 percent neutral formaldehyde 
solution. It was found that salivary-gland nuclei vary greatly in DNA content: the 
smallest nuclei measured contained approximately 6x10” mg., while the largest 
contained 70010” mg. DNA. 

Photometric analysis of methyl-green stained anlage cells, considered to have 
diploid nuclei, gave a value of 1.710” mg. DNA per cell. A correlation was ob- 
tained between nuclear volume and DNA content for salivary nuclei, which when 
extrapolated to the volume of the anlage cell gave a DNA content of 1.2x10” mg. 
Accordingly, it is concluded that the polyteny for the salivary-gland nuclei measured 


varies from approximately 4, for the small neck cells, to 1,000, for the larger basal 
cells. 


1 Aided by grants from the American Heart Association and the National Heart Institute, 
U. 8. Public Health Service. 


? Aided by a grant from the National Cancer Institute, U. S. Public Health Service. 
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This provides experimental support for the cytologic impression of the high 
degree of polyteny in salivary-gland nuclei. The data obtained also permit estima- 
tion of the dimensions of the chromonema and the number of DNA molecules per gene. 


Discussion 


Dr. A. H. Sparrow (Upton, N. Y.) : I wanted to ask whether you had any evidence 
that the amount of DNA per chromosome strand remains constant. From the 
morphological considerations here, it would seem to me more likely that there would 
be a change in DNA per strand than for it to remain constant. Your calculations 
of polyteny are apparently based upon the assumption that the amount per strand 
remains constant, and hence are not necessarily correct. 

Dr. S. Mupp (Philadelphia, Pa.) : I submit that what we really mean when we say 
that the nucleus or cell interior is optically homogeneous is that adjacent elements 
of structure do not differ sufficiently under the optical conditions used to give 
recognizable contrast. In the phase microscope the contrast difference for elements 
of equal thickness depends upon differences in indices of refraction. In the electron 
microscope the differences are in electron scattering. In such a system as protoplasm 
both index of refraction and electron scattering are to a first approximation propor- 
tional to density. Failure to see structural differences within cells has led at 
times to the mistaken conclusion that differences were not present. 

I am sure Dr. Kurnick did not intend to imply that, because you could not see the 
chromosomes of the living salivary gland in the nucleus, physical and chemical 
organization of the chromosomes was not present. I think they most likely were 
present, but that conditions of observation were not such as to give the contrast 
that would make the banding optically evident. 

Dr. Joun Buck: Lofter and I reported 15 to 18 years ago that the degree of 
swelling of salivary-gland chromosomes could be controlled by variation of osmotic 
pressure. That the appearance of banding is not artifact is supported by the fact 
that banding appears in older larvae. 

It makes a very nice test object, I think, to measure the absorption of completely- 
shrunk-down bands, such as you get with acid fixation, of the homogeneous chromo- 
somes in a completely swollen state, and of the smooth, relatively homogeneous 
structures that can be obtained with salt solutions with osmic acid present. I would 
like to know then whether the heavy bands actually have a higher concentration 
of desoxyribonucleic acid than the lighter, thinner bands; and whether or not there 
is complete homogeneity of any particular chromosome. 

Dr. KugNiIcK: I am very glad to have Dr. Mudd’s comment, because I certainly 
did not mean to give the impression that chromosomes did not exist. In fact, part 
of my subject is concerned with the structure of chromosomes, and there is no point 
in wasting time on things that do not exist. 

The problem comes up of people objecting to the term “artifact.” I suggest that 
we look to the definition of “artifact.” I think it is an artifact if the process of 
fixation has changed its appearance from what it was in the physiologic state. 

Dr. Mudd’s definition of optical homogeneity—that we cannot detect any hetero- 
geneity—is certainly a proper one, and, for my purpose, an adequate one. My idea— 
and I believe it was D’Angelo who has some data on this also—is that in the physio- 
logical state the chromosomes fill the nucleus, and since they touch at all boundaries, 
they cannot be distinguished. This is equivalent to the germinal vesicle of the 
tissue culturist, and I believe it is agreed that there are chromosomes in a germinal 
vesicle, which are simply so swollen that one does not detect them. 

We have applied other tests than the phase contrast. Methyl green, using a red 
filter, also shows bands or no bands, depending on the method of preparation, and 
the ultraviolet photograph of a preparation fixed in neutral formalin also shows a 
uniform distribution of adsorbing material. 

Our idea of a chromosome, very briefly, is somewhat the reverse of the classical 
picture. We think of a set of genes as being connected compartments, the walls of 
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which are made of ribonucleoprotein and the inside being the genic material, in- 
cluding thymonucleic acid. This material is a material that is capable of swelling 
and shrinking. You can remove it, and then you no longer produce this reversible 
shrinking. And this material can shrink so as to occupy a narrow space, and then 
you get bands whose size depends on compartment size, propinquity, and direction 
of shrinkage. 

It is not just a big gel around a ribonucleoprotein fiber for several reasons. First, 
you can never distinguish any differential staining. Chromosomes with large 
amounts of ribonucleoprotein stain purple with methyl green pyronin; those with 
very little, stain green—always uniformly, never with any differentiation between a 
core and something around it. Secondly, the process is reversible. If you add salt or 
acid, you get the banded picture. With sucrose or water you can swell it and get 
a homogeneous phase. The identical bands can then be reproduced by salt or acid. 

The observations of Buck and of Doyle are certainly pertinent to our studies, and 
we did not mean to imply that we have been the first to observe homogeneity. Ris 
and Mirsky also produced homogeneity by using sucrose, but we have found that 
you can get it directly by using formalin, and more consistently. 

Regarding Dr. Sparrow's question about the DNA content of the chromonemata 
remaining during division, that is an assumption, but it is an assumption based on 
several observations of correlating desoxyribonucleic acid (DNA) with the gene, 
and since the chromonema is presumably a gene chain, then division of the gene 
chain should double the number of genes, but the DNA content should remain 
constant. 


Differentiation of Desoxypentose Nucleoproteins by Means of Aldehyde Coupling 
Reagents. M. A. Lessier, Ohio State University, Columbus, Ohio. 


Abstract. Blood smears (fixed in 6 percent formol in 50 percent ethanol) of several 
species that have nucleated erythrocytes were exposed to a modified Feulgen pro- 
cedure. These preparations were hydrolyzed in 1 N HCl at 55° C. for 10 minutes, 
washed, and exposed to aldehyde-coupling reagents (sodium bisulphite, semicar- 
bazide hydrochloride, phenylhydrazine hydrochloride, hydroxylamine hydrochloride, 
or trimethylamino-acetohydroazide). Unhydrolyzed control preparations were ex- 
posed to these aldehyde-coupling reagents along with the hydrolyzed preparations. 
Experimental and control series were then washed, the controls hydrolyzed, and 
both series were exposed to the Feulgen (Schiff) reagent. The degree to which the 
aldehyde-coupling reagents inhibited the Feulgen reaction was indicated by changes 
in intensity of coloration in the erythrocyte nuclei hydrolyzed before exposure to 
the aldehyde-coupling reagents. 

Amphiuma, Necturus, Rana, Siredon, and Gallus erythrocyte nuclei showed dif- 
ferential inhibitions with the five aldehyde-coupling reagents used. The inhibition 
noted, in each case, was species constant and showed remarkable reproducibility 
with preparations from different animals of the same species. 

These differences in inhibition of the Feulgen reaction in erythrocyte nuclei of 
the species tested are interpreted as indicating quantitative or qualitative differences, 
or both, in the reactivity of the hydrolyzed desoxypentose nucleic acids with the 
aldehyde-coupling reagents. 


Further Studies on the Differential Extraction of Nucleic Acids From Mammalian 
Nerve Cells With Perchloric Acid. H. Kornic and (by invitation) H. STAHLECKER, 
Chicago Medical School, Chicago, Ill. 


Abstract. Ten percent perchloric acid at 4° C. fails to extract ribose nucleic acids 
completely from nerve cells even after 96 hours of treatment. This is accomplished 
in liver cells after 18-hour exposure. At 20° C. this reagent will extract pentose 
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nucleic acid from nerve cells in 12 hours with no significant lowering of desoxypen- 
tose nucleic acid as determined photometrically on Feulgen-stained material. At 
23° C. this is accomplished in 6 hours in nerve cells, and in 1 hour in liver cells, 
At 25° C., 2-hour extraction is required for nerve cells. 

When sections of cat brain and spinal cord are treated with 10 percent perchloric 
acid in a water bath at 37° C., extraction of pentose nucleic acid is complete in 15 
minutes, at which time no significant reduction in desoxypentose nucleic acid has 
occurred as determined photometrically in Feulgen-stained sections. Cytoplasmic 
protein is similarly unaltered in sections treated with the Millon reagent and meas- 
ured with a photometric technique. However, the brain and spinal cord of a cat 
that had been kept in 10 percent formalin for several years were markedly resistant 
to this treatment, extraction of pentose nucleic acid being incomplete even after 1 
hour of exposure to perchloric acid at 37° C. The same resistance to extraction 
was observed with crystalline ribonuclease. 


Discussion 


Dr. A. B. Novixorr (Burlington, Vt.) : I would like to comment on the removal 
of protein by perchloric acid. Apparently under the conditions employed by Dr. 
Koenig, it does not do so. But the work of Dr. LePage, at Wisconsin, should make 
us a bit cautious about assuming that because perchloric acid is a protein precipitant, 
it does not extract any protein. With hot perchloric acid, some 8 percent of the 
protein in homogenates is extracted. To minimize protein extraction while extracting 
DNA, LePage used a solution of barium perchlorate. 

Dr. R. D. Lituie (Bethesda, Md.): Dr. Koenig, was fixation employed before the 
perchloric acid? There was a reference to the influence of long formaldehyde 
treatment. It has been shown by Stowell and by myself that fixation profoundly 
influences the digestibility of ribonucleoproteins by enzyme. The same seems to be 
true in regard to a variety of chemical treatments as well. 

The intervals required for perchloric-acid extraction of ribonucleoprotein suggest 
a relatively hard fixation. 

In reference to Dr. Lessler’s paper, I note that the sulfite treatment after HCl 
hydrolysis fails to prevent the Schiff reactions in some of these nuclei. However, 
he used a 90-minute exposure to Schiff reagent. We showed yesterday that similar 
exposures would overcome the effects of sulfite blockade. 

Dr. H. 8. D1 Sterano (Syracuse, N. Y.): During the past year I have been investi- 
gating the possibilities of using the perchloric-acid-extraction technique on cytologic 
preparations, and I agree with Dr. Koenig that after some types of fixation pro- 
longed treatment with 10 percent perchloric acid at 4° C. will not remove any nucleic 
acids from the cell. By means of photometric measurements I have found that 
at the end of 18 to 24 hours the ultraviolet extinction of nuclei and cytoplasm of 
rat pancreas cells after Carnoy fixation is not appreciably lowered. At 25° C., how- 
ever, ultraviolet and Feulgen absorption measurements show that 1) in the first 
6 minutes the ultraviolet extinction due to the cytoplasmic RNA is reduced to zero; 
2) during this time the nuclear ultraviolet extinction is also reduced, while the 
amount of Feulgen dye bound by the nuclei remains unaltered, and while the Feulgen 
control slides after perchloric treatment do not differ significantly from one which 
has not been so treated; and 3) after 9 minutes, the nuclear ultraviolet extinction 
again begins to drop off along with the intensity of the Feulgen reaction, while the 
Feulgen control slides begin to show more and more color as the time of perchloric 
acid treatment is increased. By the end of 12 to 24 hours this color approaches in 
intensity that of the standard Feulgen reaction. 

I have interpreted these data to mean that under these conditions, RNA is extracted 
from the cell in from 6 to 9 minutes while DNA remains; and that beyond 9 minutes 
hydrolysis of DNA is accomplished, so that by the end of 12 hours all the purine 
bases have been split off. This is in effect an optimal hydrolysis for staining DNA 
with the Schiff reagent. 
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De. N. B. Kurnicx (New Orleans, La.): In regard to the extraction of nucleic 
acid with perchloric acid, we have been trying the macrochemical procedure of Ogur 
and Rosen, which depends on the differential-extraction of nucleic acids, using cold 
perchloric for ribonucleic acid and hot perchloric for desoxyribonucleic acid. 

In rat liver and kidney we get out only half of the ribonucleic acid in 48 to 72 
hours. We have had to go directly to hot perchloric acid to remove both ribo- and 
desoxyribonucleic acids, and then determine them by their sugar reactions. Other 
investigators have found the same. 

In turnover experiments there is another factor: That contamination of a frac- 
tion which has a very low turnover rate, with a very small amount of high-turnover 
material, makes a very significant error; so that the scale of operations becomes 
very different from that in an ordinary chemical analysis. 

De. W. B. ATKINson (Cincinnati, Ohio): The interest in perchloric acid as a 
histochemical reagent has centered on its supposed ability to extract RNA from 
tissue sections while leaving DNA unchanged. Many workers, however, are more 
concerned with differentiating between cytoplasmic basophilia due to RNA and that 
due to acid mucopolysaccharide. I should like to ask, therefore, whether any data 
are available concerning the action of perchloric acid on tissue mucopolysaccharides. 

Dr. Davi Giick (Minneapolis, Minn.): I do not question the conclusion of Dr. 
Koenig at all. I would like to point out one generality that applies to this kind of 
computation. In order to get reliable data of this type, one has to confine measure- 
ments to the range of 20 to 60 percent transmission or 0.2 to 0.7 extinction. Beyond 
that range, error mounts greatly. Most of the results recorded were considerably 
below this figure. I would like to think it was only a stenographic error that caused 
extinction data to be recorded to the third decimal. 

Dr. M. A. LESSLER: (Columbus, Ohio): I do not think the conditions of your experi- 
ments and my experiments are comparable, in that I used an alcoholic bisulfite 
reagent. Also my Feulgen reagent, as described yesterday, has no bisulfite in it. 
This reagent is made by bubbling SO, through a 0.5 percent basic-fuchsin solution 
and decolorizing with charcoal. There is no sodium in my solution. 

Dr. LILLie: It has SO, in it, which is the active component of bisulfite. I don’t 
think the sodium makes any difference. 

Deg. LESSLER: My preparations are treated with alcoholic bisulfite reagent, which 
is completely washed out before the application of the Feulgen reagent. As you 
noticed, in some cases you do not get very much inhibition. The reason that I use 
a 1%-hour exposure to the Feulgen reagent is that, on the average, you run into 
less variation with red-blood-cell nuclei in that period. I have not, however, in- 
vestigated the effects of different periods of exposure to the Feulgen reagent. 

De, Lituie: I have used Schiff baths varying from 5 minutes to several hours 
after Feulgen hydrolysis, with no great difference in resultant nuclear staining. 
When sulfite blockade is interposed between either HCl hydrolysis or periodic-acid 
oxidation and the following bath in Schiff reagent, its effect is most evident with 
short Schiff treatments, and a prolonged Schiff bath finally overcomes the effect of 
sulfite blockade completely. It would seem that in your experiments you have just 
hit in the period of unblocking, fairly late in some instances, earlier in others. 

Dr. LESSLER: You would suggest running through a series of times on these cells? 

Dr. LILLIE: A determination of the time required to overcome a standard sulfite 
blockade would probably give more definite values for comparison. 

Dr. LessLer: Do you think that would affect the other reagents, also? 

Dr. LILLIE: I don’t know. I have not used them. 

Dr. KoeniG: I erred, Dr. Lillie, in not mentioning the type of fixation, since I 
knew how critical it might be, and even included it in my conclusions as a point to 
be considered. All of our material was fixed by perfusion with 10 percent formalin 
followed by immersion for several days in the same. Our conclusions derived from 
this material may not apply to material fixed by other methods, and I suspect that 
it is quite true, judging from our experience with that block that was fixed for 
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several years in 10 percent formalin, which brings me to Dr. Swift’s remark on 
the effects of fixation on the extractability of ribo- and desoxyribonucleic acids. It 
is quite likely that the fixation effect on the protein with which the RNA is bound, 
is the determining factor in the effect of fixation on perchloric acid extraction of 
ribonucleic acid. 

Dr. Di Stefano, your work is very interesting. Please send me a reprint as soon 
as itis published. Could you tell me what temperature you worked at? 

Dr. Di Sterano: Twenty-five. 

Dr. Koenic: Judging from my work, the velocity of extraction of RNA is much 
more rapid in your pancreas material than it is in nerve cells; though in liver, we 
were able to extract RNA in 5 minutes at 37° C. 

Dr. Kurnick, your gross biochemical work, I presume, was carried out on tissue 
homogenates which were fresh and unfixed. That, again, would influence the type of 
extraction obtained. 

We have no data in regard to the point made by Dr. Atkinson. We hoped at first 
to be able to apply Ogur and Rosen’s method directly to nerve tissue. When we 
discovered it wouldn’t work, we tried liver along with the nerve tissue and found 
it worked there, but we made no attempt to survey mammalian tissue generally. 

Finally, Dr. Glick’s comment is well taken. Unfortunately, my tissues wouldn't 
give me a higher extinction, and I had to work with what I had. Actually, the 
results obtained were evident visually, and I merely wanted quantitative data to 
support the visual impression. 


Nuclear Metachromasy. W. H. Carnes, N. WEISSMAN, and P. S. RuBIN (by invita- 
tion), Johns Hopkins University, Baltimore, Md. 


Abstract. The ability to induce a shift in the spectral absorption peak of certain 
basic dyes in solution (metachromasy) is a property of diverse polyacidic high 
molecular weight compounds and colloids. The conditions imposed by conventional 
histologic techniques sharply limit the variety of tissue substrates that exhibit 
this property. When the principles that govern the induction of metachromasy by 
substrates in solution are observed, it is possible to demonstrate the metachromatic 
property of nuclear chromatin. Thus the nuclei of fresh cells, suspended in dilute 
aqueous solutions (e. g. 10* M)of toluidine blue and related dyes, stain meta- 
chromatically. Similar results are obtained when smears or sections of frozen-dried 
and properly fixed tissues are stained in dilute dye solutions at pH 5-7 and examined 
in the hydrated state. The chromosomes stain metachromatically in mitosis. The 
spectral absorption maximum of nuclei, isolated in citric acid, smeared and stained 
in dilute toluidine blue is at 560my (y peak). Identical absorption maxima have 
been induced by purified desoxyribonucleic acid in toluidine blue solutions at 
proper pH, ionic strength and ratios of dye to desoxyribose nucleic acid phosphorus. 


A Microspectrophotometric Analysis of Metachromatic Staining of Nucleic Acids in 
Tissues. M. H. Frax* and M. H. Himes (by invitation), Columbia University, New 
York, N. Y. 


Abstract. An investigation was made of the basis of metachromasy and the ability 
of nucleic acids to act as metachromatic substrates (chromotropes). A wide variety 
of tissues were stained with Azure B (National Aniline Division NAb-2, originally 
prepared by chloroform extraction of a mixture of Azure A and potassium acid 
phthalate) and the absorption curves of the dye-nucleic acid complex were measured 
with a microspectrophotometric apparatus. Azure B (0.2 mg. per cc., pH 4.0, 40° C.) 
stains ribonucleic acid metachromatically (reddish purple) and desoxyribonucleic 


1 Predoctoral fellow, National Cancer Institute, U. S. Public Health Service. 
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acid orthochromatically (blue-green). This is associated with a difference in absorp- 
tion spectra of the dye bound to the two nucleic acids. Curves of stained chromatin 
and desoxyribonucleic-acid-histone fibers show two absorption peaks corresponding 
to the monomer and dimer peaks of the dye in aqueous solution. Curves of nucleoli, 
Nissl substance, and ribonucleic-acid-protein fibers show an additional peak at 
shorter wave length. The ribonucleic acid metachromasy is due to a relatively 
higher dimer peak, and to the third peak, which is suggestive of higher dye aggrega- 
tion. These results agree with the view that metachromasy involves dye inter- 
action, ribonucleic acid providing a substrate that allows greater dye interaction 
than desoxyribonucleic acid. Studies on the effect of dye concentration appear to 
confirm the role of dye interaction in metachromasy. At high dye concentrations 
both ribo- and desoxyribonucleic acids stain metachromatically while at low con- 
centrations both stain orthochromatically. High dye concentration increases the 
amount of dye bound to nucleic acid, the degree of metachromasy, and presumably 
the proportion of dye in a higher polymeric state. 


Discussion 


Dr. G. Gomori (Chicago, IU.) : If I understood right, there was a contradiction be- 
tween the two papers. According to Carnes, this metachromasia was not a true one, 
in the sense it was not resistant to alcohol. He did not mention what the sections 
were mounted in, whether it was water or glycerin, or what not. According to Flax, 
on the other hand, the sections were differentiated in butyl alcohol. That means 
that it was a true metachromasia, resisting alcohol, which I have never heard to be 
a property of any sort of nucleic acid. I would like to have an answer to that 
question. 

Dr. W. H. Carnes (Baltimore, Md.) : Perhaps I had better let Mr. Flax answer 
part of it, too. 

We examined all of these tissues in aqueous mounting media. Optical properties 
and preservation are helped by the use of something like 60 percent sucrose, which is 
quite satisfactory for photography and does not change the spectral absorption 
characteristics of the stained nuclei. Alcohol does not change the spectral absorption 
of the stained tissue. 

Whereas we have not investigated in detail such substrates as Lison was con- 
cerned with, I think that alcohol dehydration, judged from visual observation, must 
change greatly the spectral absorption of anything that is stained metachromatically, 
although it may not completely abolish metachromasy in the case of certain types of 
substrate with which Lison dealt. His definition of metachromasy in terms of 
stainability at very low pH and preservation after alcohol dehydration and require- 
ment of those conditions as representing true metachromasy seem to us quite arbi- 
trary. We believe that more understanding can be gotten from analogy to the in- 
teraction of soluble substrates in solutions of dyes than from simply excluding by 
definition what does not fit certain conditions. We find that there are many con- 
ditions, some of which I have mentioned, that have a profound effect on the spectral 
absorption curves. 

Mr. Frax: The main reason for our interest in the Azure B technique was its 
possible use for the qualitative and quantitative localization of nucleic acids. 
Michaelis suggested that, in order to assure chemical combination of dye with nucleic 
acid and eliminate dye adsorption, one must differentiate in alcohol. It is for this 
reason that we have done so. The tertiary butyl alcohol we have used may not 
have been absolute, but the amount of metachromasy as indicated by the absorption 
spectra appears to be unaffected by the length of time of differentiation. The meta- 
chromasy we have studied is alcohol resistant under the conditions we have used. 

Dr. Stevens (Montreal, Canada) : I would like to corroborate Mr. Flax’s observa- 
tions. Possibly the nature of the fixative employed is more important than the type 
of alcohol used in dehydration. I have seen the same phenomenon of metachromasia 
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of nucleic acids after a different type of dehydration, but only in Carnoy-fixed 
material. 

Dr. CARNES: The differences between the cellular metachromasy described by Mr. 
Flax and that described by us are reconcilable largely on the basis of differences 
in conditions of observation. We have observed staining like that described by him 
using his conditions of dehydration and mounting. We believe that it is important 
to make observations on metachromasy in aqueous mounting media because dehydra- 
tion markedly alters the color. Perfectly parallel changes in the absorption spectra 
of metachromatic dyes in pure aqueous solution can be induced by increasing their 
concentration. In no nonaqueous medium have these shifts of the absorption curves 
been produced. 

If it is considered important to remove the loosely bound dye with alcohol, this 
may be done, and nuclear metachromasy is restored when the tissue is returned to 
water. 

Dr. G. B. Wistock1 (Boston, Mass.): I am glad that these two papers were 
presented. They illustrate that metachromatic staining may be due to acidic com- 
pounds other than sulfated acid mucopolysaccharides. Sylvén applied the term 
“false metachromasia” to any metachromasy not attributable to sulfated compounds. 
He has regarded all metachromatic staining observed in tissues fixed in basic lead 
acetate as being due to sulfated compounds, a conclusion not in harmony with my 
reported observations that after that mode of fixation, as well as following other 
fixatives, metachromatic staining of some types of cells can be prevented by the 
use of ribonuclease. My observations are in harmony with the present reports. 
I would like to recommend abandoning Sylvén’s concept of “false” and “true” 
metachromasy, accepting instead that each of the several kinds of metachromatic 
staining is significant and equally important. 

Dr. GoMoRI: May I say in defense of Leblond and Sylvén that it is not a matter 
of true and false metachromasia. It is merely the statement that metachromasia 
persisting in alcohol is due to sulfuric esters. Leblond admits that metachromasia 
due to other groupings may behave differently. But, according to Sylvén and his 
associates, their metachromasia is the only one that persists in alcohol. That is why 
I was really very much surprised. 


Resistance of Ribonucleic Acid to Basic Staining and Ribonuclease in Human Liver. 
A. W. PotutsTer, J. Post, J. G. BENTOoN, and R. BREAKSTONE (last three by invi- 
tation) (Read by M. H. Flax), Columbia and New York Universities, New York, 
¥. 7%. 


Abstract. Ribonucleic acid (RNA) is commonly visualized as ribonuclease-digest- 
ible basophilia. By this technique, liver removed at autopsy demonstrates consider- 
able cytoplasmic RNA; by contrast, liver removed at biopsy stains very lightly, and 
this basophilia is not affected by pre-digestion of the slide with ribonuclease. Pre- 
liminary ultraviolet absorption studies have been made to determine whether: a) 
the RNA demonstrable in autopsy material is formed post mortem, or b) the RNA 
basophilia is inhibited in liver fixed at biopsy. The cytoplasm shows considerable 
2537A absorption, distributed fairly homogeneously; average extinction being 
0.513+0.009. This is not reduced by ribonuclease, average E., after digestion being 
0.543+0.011. However, the more drastic chemical method of extraction of RNA 
(boiling for 15 minutes with 5 percent trichloracetic acid) reduces the ultraviolet 
absorption, the average E2, being 0.221. It thus appears that in fresh liver cytoplasm 
RNA-basophilia and ribonuclease digestibility are blocked, and that post-mortem 
changes probably remove the block. The obvious possibility is that the block arises 
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from failure to displace, with dye, the protein bound to the phosphoric acid. This 
condition in liver may be like that of native TMV nucleoprotein in which RNA is 
completely nonbasophilic and resistant to ribonuclease digestion—a situation which 
is reversed by procedures that rupture the protein-RNA bond (Oster and Grimson, 
Arch. Biochem. 24: 119). Complete nonbasophilia and ribonuclease resistance have 
so far been found only in human liver; specifically not in frog, salamander, mouse, 
rat, guinea pig, or monkey. 
Discussion 


Dr. H. B. Kurnick (New Orleans, La.): That there are no blobs of basophilic 
substance in human biopsy material we observed also, and at first we were puzzled 
by it, too. They occur in the human liver also, if you feed a high-protein meal 
shortly before the biopsy. Normally, biopsy is done on fasting patients. It can 
be shown in fasting animals, also, that liver cytoplasm and nuclei are depleted of 
ribonucleic acid. 

Macrochemical analysis also indicates that these biopsy specimens are actually 
low in ribonucleic acid. The failure to stain it and the failure to remove anything 
by ribonuclease are consistent. The only evidence that would indicate that there 
was a considerable amount of ribonucleic acid is the change immediately after tri- 
chloracetic-acid treatment. This may very well change the distribution of absorbing 
material, and thus make light dispersion a very significant factor. 

Dr. W. H. Carnes (Baltimore, Md.): I would like to add one more comment to 
Dr. Kurnick’s on the significance of these bodies in the cytoplasm of human liver, 
and to ask Mr. Flax whether he knows the disease of which the patient died that 
was illustrated here. Strongly basophilic bodies of 1-2 » in diameter are particu- 
larly prominent in the liver cells of patients with infection. This has been pointed 
out by Rich and Bertrong, who have adduced some evidence of the ribonucleic- 
acid content of these abnormal structures in infections. 

Mr. M. H. Frax: I have not collaborated in the work, and therefore cannot answer 
the questions in very specific manner. I believe that the result was obtained on at 
least three different patients. 

Nore sy Dr, J. Post: In reference to Dr. Kurnick’s comments, the biopsies were 
routinely made at between 11% and 2 hours after a normal meal, on patients who 
had been kept on a normal diet fairly high in protein. This would not seem to 
be closely comparable with the ribonucleic-acid-deficient biopsy material that 
Dr. Kurnick studied. In reply to Dr. Carnes, the slide shown was from a cirrhotic 
liver, with no indication of infection that might account for the basophilic inclusions. 

Nore sy Dr. A. W. PoLlister: Dr. Kurnick feels that this change in ultraviolet 
light loss following extraction with trichloracetic acid may be ascribed entirely to a 
change in physical state of material which is not polynucleotide—presumably there- 
fore protein. The effect of trichloracetic acid on the ultraviolet light loss of nucleo- 
protein has been compared with the much milder nuclease digestion, from which it 
is clear that both treatments leave a protein mass which is identical in light loss 
(Pollister and Leuchtenberger, Nature 163: 360, 1949). We know of no evidence 
that the trichloracetic-acid treatment does cause either loss of, or marked alteration 
of, the physical state of cellular proteins in fixed material. Our interpretation of 
the result is of course precisely along the lines amplified by Dr. Singer’s remarks. 
We believe that when biopsy liver is quickly fixed in either acetic alcohol or formalin 
there is a persistence of a native resistance to basic staining and to ribonuclease 
digestion—a condition quite comparable with that described by Oster and Grimsson 
in native ribonucleoprotein. Less extreme resistance to staining and digestion may 
be very common; we simply do not know. 


960071—51——27 
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Behavior of the Sex-Influenced Chromatin During Restoration of Niss] Material 
Following Chromatolysis." H. A. Linpsay, Yvonne J. Fercuson (both by invita- 
tion) and M. L. Barr, University of Western Ontario, London, Canada. 


Abstract. Chromatolysis of motor neurons in the cat was induced by section or 
prolonged stimulation of their axons. Changes within the nucleus were studied 
during the depletion and restoration of Nissl material. 

Swelling and vacuolation of the nucleolus are interpreted as an indication of 
nucleolar participation in the synthesis of Nissl material. Attention is directed 
especially to the behavior of another nuclear component which is prominent in the 
female but at the limit of resolution with the light microscope in the male. This 
sex-influenced chromatin mass is Feulgen-positive and stains with the methyl-green 
component of Unna’s methyl green-pyronin mixture. It appears to contain 
desoxyribonucleic acid, therefore, in contrast with the nucleolus and Nissl material, 
which contains ribonucleic acid. During accelerated synthesis of Nissl material 
the sex-influenced chromatin moves from its usual position, next to the nucleolus, 
toward the nuclear membrane. Enlargement occurs also, in both males and females, 
Staining properties are not altered insofar as the Feulgen and methyl green-pyronin 
methods are concerned. These observations suggest that the sex-influenced 
chromatin, in addition to the nucleolus, may participate in the synthesis of Nissl 
material. The possibility of a quantitative difference in nerve-cell metabolism, 
according to sex, is also raised. 


Electron Microscopic Studies of Cytoplasmic Components of Some of the Cells of 
the Liver, Pancreas, Stomach, and Kidney Following Treatment with Ribonuclease. 
A. J. Datron and M. J. Srriesicu (by invitation), National Cancer Institute, 
National Institutes of Health, Bethesda, Md. 


Abstract. Ribonuclease was found to be inactive against tissues fixed and em- 
bedded in the usual way for study under the electron microscope. For this reason 
thin slices of tissues fixed in Regaud’s fluid were treated in bulk with 0.2 mg. 
ribonuclease (Armour) in MclIlvaine’s citric acid-disodiumphosphate buffer of pH 
7.0 for 24 hours at 50° C. Adjacent slices incubated in the buffer at the same 
temperature for the same length of time served as control material. After treat- 
ment the tissues were placed in 2 percent osmic acid for 4 hours. 

The cytoplasm of the exocrine cells of the pancreas and chief cells of the stomach 
has been found to contain submicroscopic filaments or lamellae similar to but more 
numerous than those previously described in hepatic and hepatoma cells. These 
lamellae disappeared after treatment with ribonuclease. Secretory granules of the 
chief cells of the stomach were obviously less dense after treatment. Collagenous 
and elastic fibers were unaffected. Mitochondria of the various cell types as well 
as the brush border of kidney cells and cell membranes generally were unchanged. 
Nuclear swelling and disappearance of nucleoli were characteristic of the treated 
material. These results suggest but do not prove that the submicroscopic lamellae 
are composed largely of ribose nucleic acid. 


Discussion 


Dr. 8S. Mupp (Philadelphia, Pa.) : I wish to comment on the beautiful quality of 
these electron micrographs. I judge you have used a magnification of only a few 
thousand diameters, but the amount of detail in the organization of both cytoplasm 
and nucleus is striking. Would you tell us more about the technique of making 
these electron pictures? They were not shadowed, were they? 


+ Aided by grants from the National Research Council and the National Cancer Institute of 
Canada. 
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Dr. A. J. Datton: No, they were not. Primarily, I would say that the results 
come from fixation by perfusion. That was obtained under anesthesia, using intra- 
peritoneal nembutal, to which 0.1 percent sodium nitrite was added. Whole-body 
perfusion does not occur in every case; but with the exceptions of the spleen and 
of about 50 percent of the testes and ovaries it is complete. 

I forgot to mention that after the ribonuclease treatment and washing I exposed 
the material to 2 percent osmic acid for 4 hours, to bring up the contrast, which is 
very low after Regaud fixation alone. 


Studies on the Effect of Certan Enzyme Inhibitors on the Histochemical Localiza- 
tion of Esterases." W. L. Harp and (by invitation) M. D. Fox, University of South 
Dakota, Vermillion, 8S. D. 


Abstract. We have previously localized the sites of esterase activity (Nachlas 
and Seligman technique '49) in the central and peripheral nervous systems of the 
dog (see abstracts, Assoc. Anatomists 51). This prior study prompted us to in- 
vestigate the nature of these esterases by the use of relatively selective esterase 
inhibitors. The compounds employed included eserine, DFP, TEPP, Nu-683, qui- 
nine, caffeine, prostigmine, choline, sodium taurocholate, sodium fluoride, and tri-o- 
cresyl phosphate. The last three named proved to be without effective inhibiting 
powers. The test tissue was spinal cord, where normally an enzyme response is 
confined to the gray substance and is localized both intracellularly, in the nerve cells, 
and extracellularly in the adjacent neuropil. 

TEPP was the only compound that yielded total inhibition of the histochemical 
reaction in concentrations as dilute as 10 M. Eserine, DFP, and Nu-683 were uni- 
form in inhibiting the reaction in concentrations of 10° M to 10~* M but at lesser 
concentrations, from 10-" M to 10~ M, the intracellular reaction returned to a dis- 
tinctly observable degree. 

Caffeine, prostigmine and quinine were uniform in producing a gradual inhibition 
of the reaction as concentrations were increased from 10° M to 10° M. Attention 
is called to the fact that the anticholinesterase compounds were effective in seemingly 
inhibiting an enzyme(s) capable of hydrolyzing a non-choline-containing substrate. 
The results suggest that certain of the inhibitors may selectively abolish the extra- 
cellular site of activity without complete inhibition of the intracellular reaction. 


Discussion 


Dr. A. M. SELIGMAN ( Boston, Mass.) : I would first like to say that I enjoyed hearing 
the paper by Dr. Hard and Dr. Fox very much. 

We reported that acetone-fixed brain tissue of the rat, does not split naphthyl ace- 
tate. That is more or less consistent with Dr. Hard’s statement about rodents. 

Since then we have found that fresh brain tissue of rats will split the substrate. 
We have concluded, therefore, that because acetone fixation did not abolish the 
ability of liver to split the substrate where we are dealing with nonspecific esterase, 
and did in the case of rat brain, that perhaps it is acetylcholinesterase that is 
splitting the substrate in fresh brain. 

Fresh frozen-tissue sections of brain does not give the quality of histologic 
pictures obtained with fixed and embedded sections because of the solubility of this 
azo dye in the myelin and the fat, which are present in frozen sections. 

We have devoted some time to search for a better substrate that would give an azo 
dye that would not be soluble in myelin. Fat solubility was decreased by introducing 
an amide linkage as in 8-acetamino-2-naphthylacetate, 8-benzoyl amino-2-naphthyl- 
acetate, 2-acetoxy-2-naphthoic acid dimethyl amide, 2-acetoxy-6-naphthoic acid 
N-methyl anilide. These substrates are hydrolyzed by fresh brain tissue. 


2 This study has been supported by a U. 8. Public Health Grant. 
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Dr Barrnett, in Dr. Wislocki’s department, has been studying a substrate that we 
prepared known as indoxyl acetate. This compound is split by fresh brain. In- 
stead of producing an azo dye following hydrolysis, it quickly oxidizes to indigo 
blue, an insoluble pigment which is also not very soluble in lipoids. 

We have recently developed a new substrate, carbonaphthoxycholine iodide, which 
is specific for serum cholinesterase. It is not hydrolyzed by acetylcholinesterase 
or ali-esterases. Both a colorimetric method and a histochemical method is provided 
by this substrate. 

Dr. J. 8S. FRIEDENWALD (Baltimore, Md.): I am somewhat in the position of Dr. 
Seligman in also welcoming this in the role of godfather. It is difficult to be sure of 
the interrelations between the studies which Koelle and I made on fresh frozen 
sections and with the substrates that were as close as we could make them to the 
natural substrate; and studies made on fixed tissue and with highly unnatural sub- 
strates, insofar as the cholinesterase system is concerned. While evidence of activity 
is certainly plain in these sections, it seems to me that Dr. Hard has been very 
judicious in refraining from attributing this activity to cholinergic system. 

Dr. S. Mupp (Philadelphia, Pa.) : Dr. Friedenwald avoids the pitfalls by making 
himself the second godfather. 

Are there any other comments or questions? 

Dr. Hard, would you like to wind up the discussion? 

Dr. W. L. HAgp: I have not much to say, except that I seem to have gathered a 
few godfathers. 


Histochemistry of Esterases. G. Gomori. University of Chicago Medical School, 
Chicago, IU. 


Abstract. Esterases are usually divided in three large groups: lipases, esterases, 
and cholinesterases. Histochemical studies, utilizing a large number of substrates, 
have shown that every one of these groups can be further subdivided into smaller 
groups with more or less strict substrate specificities. The distribution of these 
specific enzymes varies markedly in the organs of various species. There are large 
numbers of interesting examples of overlapping of substrate specificity between all 
subgroups. 


Discussion 


Dr. Davip Giick (Minneapolis, Minn.) : I am just a little frightened by the positive- 
ness with which Dr. Gomori classifies these enzymes. I do not doubt at all that, 
by staining, these separations can be made. But I do know from my own experience 
that with quantitative measurements of the enzymes in some of these tissues, this 
scheme would not hold. 

For instance, I once made a quantitative study of the cholinesterase in the adrenal 
gland. As Dr. Gomori indicated, the cortex has a good deal of activity. But I 
believe he said there is absolutely “no activity”—I forgot whether he said lipase or 
esterases—but there happen to be both present in demonstrable amounts in the 
medulla. So, while you can get a classification on the basis of the distribution 
found by staining, I wouldn’t take it too literally, many structures stain only beeause 
of adsorption. 

Dr. R. J. Barenetr (Boston, Mass.): I have had some interesting results using 
indoxylacetate as a substrate for the histochemical localization of esterases. The 
present status of the investigation indicates that indoxylacetate is split by not only 
nonspecific esterase but also by pancreatic lipase and cholinesterase. Rat pancreas 
is the only tissue that stains after taurocholate but the reaction here is not accelerated. 
Fresh rat brain and spinal cord also give a positive reaction which is inhibited by 
small amounts of eserine. An interesting side-light on the distribution of staining 
with this substrate is that tissue macrophages or wandering leukocytes, and I am 
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not sure which cell type it is or whether it is both, stain more intensely than 
any other cellular elements. 

Dr. J. F. A. MCMAnvus (Charlottesville, Va.) : There are several extremely interest- 
ing features in these last two papers, those of Dr. Hard and Dr. Gomori. I think one 
of the things that is suggested by these two papers is that histochemical research 
does not necessarily have to be done in a large center. It can be done in a hospital 
laboratory. 

The other feature that appeals to me is the fashion in which Dr. Gomori has 
suggested that here is a time in which the chemist may follow the histochemist and 
try to check on him. Up to date we have been trying to explain our histochemical 
procedures in chemical terms. Now here is a logical consideration of esterases that 
the chemist would do well to consider fully. 

It is of relatively little use in pathology, and, I should think, in many forms of 
physiology, to know that there is a certain amount of a substance in so much of 
a mashed-up tissue. But it is extraordinarily useful in the study of abnormal con- 
ditions to know whether there is a certain material at a certain site in the tissue. 
The study of these nerve gas-poisons is a very good recent example. 

Just in passing, structures that very much resemble these nerve spindles can 
appear in human intestine after Zenker fixation, and they are periodic-acid positive. 
I wonder if there is any material in the spindle-like structures that may be carbo- 
hydrate. 

Dr. J. S. FRrEDENWALD (Baltimore, Md.) : I am fascinated by Dr. Gomori’s report. 
For the first time the subject of the esterases begins to take on a sufficient com- 
plexity to have verisimilitude. It never seemed that there could be as few different 
esterases as we are supposed to have. However, a certain reserve has to be kept 
in mind in the basic interpretation of data of this sort, for the reason that fixation 
of tissues can destroy differentially different enzymes and can destroy some more 
effectively than others, leaving residues that may or may not be representative of 
what was there in the fresh tissue. 

Furthermore, it is even conceivable that the processes of dehydration and fixa- 
tion may change the specificity of the enzymes which remain active. It is quite 
possible, particularly with such enzymes as lipases, that the normal locus of the 
protein enzyme molecule may be in close proximity to a lipoid of some sort and 
the substrate normally attacked by that lipoprotein orients itself in relation to the 
lipoprotein material, and that in the process of dehydration the lipoid fraction may 
be removed and the specificity of the enzyme vastly altered merely by this change 
in its neighborhood. 

Furthermore, the protective action of adjacent tissue components may vary in 
different tissues, so that the relative denaturation of the different enzymes in differ- 
ent tissues may be markedly affected by nonenzymatic or nonaffiliated enzymatic 
components of the cell. 

Dr. Gomori: The title of this paper was “Histochemistry of Esterases,” and not 
“Biochemistry.” 

Many enzymes never show up in paraffin sections because they are destroyed. I 
wanted to summarize only those features that are visible in paraffin sections. 

Secondly, Dr. Glick, I fully appreciate the great quantitative superiority of bio- 
chemical techniques to histochemical ones, but, so far as the power of resolution 
is concerned, histochemistry is far superior. 

For instance, you say the adrenal medulla contains other esterases. Sure, it does. 
I see it in the sections, not in the cells but in the blood within the vessels. This 
you will never find out as long as you just grind up the tissue. 

In reply to Dr. McManus, it is known that at least one group of cholinesterases 
are mucoproteins, and practically all sites that exhibit a cholinesterase activity are 
also positive with the periodic acid Schiff. 
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Tetrazolium and Neotetrazolium as Indicators of Sites of Dehydrogenases in 
Bacteria. S. Mupp, A. F. Bropre, and L. C. WINTERSCHEID (last two by invitation), 
University of Pennsylwania, Philadelphia, Pa. 


Abstract. Triphenyltetrazolium chloride and neotetrazolium are proving very 
satisfactory means for determining sites of dehydrogenases within bacterial cells. 
The granules in mycobacteria, which have been variously described as spores, 
degeneration granules, regeneration granules, and nuclei, turn out to be sites of 
active reduction of tetrazolium and neotetrazolium, and also stain with Janus 
green B. Characteristic granules stained with the respective formazans have been 
demonstrated also in Escherichia coli B, Bacillus megatherium, a micrococcus and 
yeast cells. 

A very satisfactory technique for the determination is to grow the bacteria on 
collodion film overlying nutrient agar containing 0.4-0.005 percent tetrazolium or 
neotetrazolium. Areas of the collodion containing microcolonies can then be used 
either to make impression preparations for light microscopy or transferred to electron 
miscroscopic screens. 

As concerns mechanism of formazan formation, Pfleiderer and Kuhn and Brodie 
and Gots have demonstrated the concurrent oxidative-reductive interaction between 
diphosphopyridine nucleotide and purified flavoprotein causing the reduction of 
the colorless tetrazolium to red formazan. 


Discussion 


Dr. A. S. Sevicman (Boston, Mass.) : The technique used in the study just reported 
demonstrates several dehydrogenases and not specifically succinic dehydrogenase. 
We have recently been trying to make a tetrazolium salt do the job of demonstrating 
succinic dehydrogenase specifically in the tissues. This technique might be of use 
to Dr. Mudd in this kind of study if he can handle the bacteria in the nongrowing 
state. By washing the tissue sections or organisms in buffer solution all the sub- 
strates for various dehydrogenases can be removed so that the tissue will not reduce 
the tetrazolium salts. Then, with such controls, introduction of a specific substrate 
such as succinate will result in demonstration of a specific dehydrogenase. 

Dg. Mupp: Is it necessary that the pH be held at any particular value during the 
process? 

Dr. SELIGMAN: Yes. The pH is near seven; 7.2, I think, is what we found. 

Dr. A. B. Novixorr (Burlington, Vt.) : I am sure that Dr. Seligman is aware of 
the point I want to make. What is said about the specificity of this stain for 
succinic dehydrogenase, using succinate as substrate, is true only: 1) if enzymes 
are not present in the sections that can convert succinate to some other oxidizable 
substrate, and 2) if there are no intervening electron carriers between succinate and 
dye, the concentration of which may be limiting. 

Dr. SELIGMAN: That is an important point of which to be aware. Thus far we 
have not attempted to avoid that possible source of error, because it seemed that 
the amount of new substrates so produced would not be significant to interfere. It 
may also be that on closer scrutiny of some of the end products of succinate 
metabolism that the dehydrogenases for these metabolites would require a co-enzyme, 
which is not necessary in the case of succinic dehydrogenase. 

Dr. Novikorr: Many of us like to study succinic dehydrogenase, myself included. 
The reason is primarily that a fine assay method for homogenates exists. This may 
create the impression that it is the most important oxidative enzyme. Yet it is 
but one of many equally important enzymes. From the point of view of necessary 
co-factors, it is hardly as well understood as several other dehydrogenases. I think 
histochemists might do well to try malate or some other substrate in dehydrogenase 
studies. 

Dg. Mupp: The reason for our particular interest is that the literature is full of 
statements that succinic dehydrogenase is specifically localized in mitochondria. 
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Ds. JounN Hanks (Boston, Mass.) : I am delighted to see the data that Dr. Mudd 
has presented. 

Since our studies with tetrazolium have concerned primarily suspensions of murine 
leprosy bacilli washed from infected tissue, our observations on these and other 
mycobacteria have been made in resting-cell suspensions. Our observations confirm 
the occurrence and importance of the reduction sites, which Dr. Mudd describes. Dr. 
Mudd’s observations were made on actively growing cultures, and thus provide 
information from a territory that we have felt we should explore more intimately. 
It is gratifying that this work has been done. The question has been raised whether 
substrate will increase the intensity of the hydrogen transfer in the reduction sites. 
Both the respiration and hydrogen transfer of the cultivable mycobacteria are in- 
creased in the presence of assorted substrates required for growth. Interpretation of 
the increased hydrogen transfer from single substrates, e. g., the dehydrogenation of 
succinate, may be less simple than in the case of other types of cells. The myco- 
bacteria possess remarkably high levels of endogenous activity. It is often difficult 
to be sure whether the total enhancement should be attributed entirely to specific 
substrate utilization, or in part to an increased oxidation of endogenously stored 
materials. 

Dr. Mupp: It is not all worked out, I assure you. I threw it out to get comments 
and help as much as to convince you. 

Dr. J. S. FrreEpENWALD (Baltimore, Md.) : I merely wanted to suggest that the use 
of malonate as an inhibitor might clarify the question of specificity of the enzyme. 

Dr. Mupp: That is what our chemists have been telling me. 


Activation and Diffusion Phenomena in the Histochemical Method for Alkaline 


Phosphatase. EizAsnetn H. Lepuc, Harvard Medical School, Boston, Mass., and 
E. W. Dempsey, Washington University, St. Louis, Mo. 


Abstract. Alkaline phosphatase activity in guinea-pig liver was absent when 
sections were incubated in glycerophosphate substrate (pH 9.4) for periods up to 
24 hours. With the use of enzyme activators, however, a positive reaction occurred 
in the central zone of the liver lobule but not in the portal zone. 

An intensification of the phosphatase reaction in both nuclei and cytoplasm oc- 
curred in sections of liver in areas adjacent to superimposed, phosphatase-rich 
sections of duodenal mucosa. This increased phosphatase activity of hepatic ele- 
ments induced by the duodenal mucosa resembled that obtained by using enzyme 
activators. A broad zone of activity was demonstrable in the central areas of the 
hepatic lobules adjacent to duodenal mucosa, whereas a narrow zone of reaction 
was present in the portal areas that were contiguous to the duodenum. It is sug- 
gested that this increased activity may result in part from activation of intrinsic 
phosphatase by activators in the duodenum. 

Another type of diffusion occurred when sections of duodenum were incubated 
over sections of liver in which all intrinsic phosphatase had first been destroyed by 
heat. A reaction occurred in adjacent liver cells, but it was limited to nuclei im- 
mediately contiguous to the superimposed duodenal cells. The transference of phos- 
phatase from buffered solutions of the enzyme into hepatic nuclei, in which all 
inherent phosphatase had been destroyed by heat, did not occur at pH 9.5, the optimal 
pH for the histochemical demonstration of phosphatase. It appears, therefore, that 
the reaction observed in enzyme-free nuclei around loci of high phosphatase content 
is probably not the result of diffusion of the enzyme. 


Discussion 


Dr. A. B. Novrxorr (Burlington, Vt.) : In the guinea pig, apparently, diffusion and 
activation occur in the central vein areas of the liver. In the rat, it is the other way 
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around: the central vein areas are light and the portal areas dark. This is an 
interesting species difference. 

Dr. G. Gomort (Chicago, Ill.) ; I am glad that the present authors also came to 
the conclusion that it is not the diffusion of enzymes but that of calcium phosphate. 
I think this single explanation will apply to all phenomena. We need not even 
discuss the diffusion of activators or others. If you compare the calcium techniques 
with the naphthol esterase techniques, you can easily find an explanation for stained 
nuclei in certain areas. 

For staining to occur with a calcium technique, the solubility product of calcium 
phosphate must be exceeded locally. If it is exceeded locally, no matter what the 
structure is, calcium phosphate Will precipitate and stain ultimately. 

On the other hand, there is a constant race between the production of phosphate 
ions and their diffusing away. The solubility of calcium phosphate is not entirely 
negligible. If the rate of diffusion exceeds the rate of production, the solubility 
product will never be exceeded. Although there may be a considerable phosphatase 
activity in certain sites, it will not cause a precipitate. 

On the other hand, there are tissue structures that have a tremendous affinity 
to calcium phosphate, and they will calcify even below the level of the solubility 
product. For instance, growing cartilage will calcify in normal serum where no 
other tissue will. 

So what happens is probably this: There is, let us say, a liver cell that has activity 
in the cytoplasm only and none whatsoever in the nucleus. The activity is not ever 
enough to produce supersaturation of calcium phosphate but the entire area close 
to the cell is soaked in an almost saturated solution of calcium phosphate. 

Nuclei have an unusual affinity for calcium phosphate and will abstract it from 
a nearly saturated solution. Danielli has shown that nonenzymatic staining of nuclei 
is easily produced. However, if you perform the phosphatase reaction with naphthol 


esters (a modification of the Menten-Junge-Green technique), there is no activity 
whatsoever of any nuclei in any vertebrate species under any conditions. 

Dr. S. Mupp (Philadelphia, Pa.) : Thank you, Dr. Gomori. This is a very impor- 
tant matter. Are you able to say where the intrinsic phosphatase is, if not in the 
nuclei? 


Dr. Gomori: It is in the cytoplasm. It can be demonstrated. If you incubate 
long enough, all the hepatic cytoplasm will stain exactly in the same area where 
the nuclei stained with the calcium technique. 

Dr. Mupp: Is it possible to localize it in any organelles in the cytoplasm? 

Dr. Novikorr: Dr. Gomori, in one of your recent papers, as I recall it, you stated 
that artifactual staining of nuclei occurs only if the pH is lowered to 8.5. You also 
stated that at pH 9.2 or above, the range of the customary Gomori technique, no such 
calcium phosphate adsorption occurs. Do your remarks a moment ago imply that 
this may not be so? 

Dr. Gomori: If I said “only,” I made a mistake—not “only” but predominantly. 
If you perform incubation at pH 9.5 and if you use a minimum of M/25 calcium to 
reduce the solubility of calcium phosphate, you get no phosphatase reaction in any 
of the nuclei in less than 2% hours; after that, you get some. 

Dr. J. S. FriepENWALD (Baltimore, Md.) : The stainability of the nuclei by calcium 
phosphate is in considerable part a fixation artifact. If one exposes fresh frozen 
sections to solutions deliberately saturated with calcium phosphate in the absence 
of substrates, the nuclei will not stain. That does not exclude the possibility that 
activity close to the nuclei may result in the diffusion of the reaction product into 
the nuclei. In fresh frozen sections we occasionally see staining of nuclei close 
to places where activity is high. I would not, on that account, assert or deny 
that the nuclei may have phosphatase activity in unfixed sections, but the stain- 
ability by calcium phosphate in fixed sections is really an artifact. 

Dr. A. Zorzort (St. Louis, Mo.): Dr. Gomori, do you know what chemical com- 
ponents of the nuclei are responsible for this adsorption of which you speak? 
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Dr. Gomori: This experiment can be duplicated by making marks with thymonucleic 
acid ona slide. They will always blacken. 

Dr. ZorzoLi: Then you believe that the nucleic-acid content is responsible for this? 
Do you further believe that changes in the concentration of nuclear nucleic acid would 
correspondingly vary the adsorption of calcium phosphate? 

Dr. Gomori: I don’t know. I guess the more concentrated the nucleic acid is, the 
darker it will stain just by adsorption. 

Dr. ZorzoLti: We have observed in mouse liver that the intensity of nuclear phos- 
phatase staining changes with the age of the mouse. I would like to know 
whether we are dealing entirely with an artifact or whether there is a true 
change in activity. 

Dr. Gomori: It probably means an increase in cytoplasmic activity. 

Dr. ZorzoL1: The cytoplasmic activity may remain visually the same, whereas the 
nuclear activity changes. 

Dr. NoviKorFr: In an article to appear in the next issue of Science, we have re- 
corded observations that speak against the participation of nucleic acid in the 
adsorption of calcium phosphate by chromatin. Heat-inactivated liver and kidney 
sections and Drosophila salivary gland “squashes,” treated with ribonuclease, 
desoxyribonuclease or 5 percent TCA (90° C., 15 minutes) show the usual strong 
nuclear and chromosomal band adsorption staining when incubated in glycerophos- 
phate substrate in which calcium phosphate is produced. Yet the usual staining 
procedures show complete removal of nucleic acids. Some material in the chromo- 
somes other than nucleic acid must account for calcium phosphate adsorption. 

Dr. E. H. Levuc (Boston, Mass.) : I agree with Dr. Gomori that his explanation 
might account for our results with superimposed sections of duodenum over un- 
inhibited sections of liver of low phosphatase activity. However, similar diffusion 
effects in which the distribution of activity resembled that obtained with enzyme 
activators were obtained when the intrinsic enzymes of the underlying liver section 
had been previously inactivated (but not destroyed) in acid solution. It is this 
observation, that the pattern of intrinsic phosphatase of the liver was restored in 
regions near the superimposed duodenal mucosa, that suggested to us that a diffusion 
of enzyme activators may have taken place. I do not believe that Dr. Gomori’'s 
explanation can account for the restoration of activity in inactivated tissue, since 
both nuclear and cytoplasmic activity was restored. 

Dr. H. W. Deane (Boston, Mass.) : I should like to make the point that if one uses 
another substrate instead of glycerophosphate under similar conditions—for example, 
nucleic acid—the nuclei demonstrate an intense reaction. This occurs when frozen 
sections are used; under such conditions glycerophosphate reveals little activity in 
the nuclei. This difference in response to the two substrates suggests to me that 
there is a phosphatase for nucleic acid in the nucleus. 

Dr. Gomori: That is entirely possible. My remarks referred only to glycerophos- 
phates. 

Dr. Mupp: Then you think there is some intrinsic phosphatase in the nuclei? 

Dr. DEANE: These observations would make one think so. 

Dr. E. W. Dempsey (St. Louis, Mo.) : I have almost nothing to add except that I 
will point to a comment by Dr. Montgomery and his ingenious explanation for the 
localization of activity of stainable material in the nuclei from an enzyme that is 
localized in the cytoplasm. I have no particular burden to bear for either one of 
the hypotheses advanced to account for diffusion in the sections. We are faced 
with the fact that high concentrations of enzymes in locations such as the intestinal 
villi have been indicted as the source of a substance that diffuses and stains remote 
areas. On the other hand, we are faced with the possibility that a low concentra- 
tion of enzyme can cause the production of a material that diffuses remote from a 
place where it stains. 

These are antithetical situations. It seems to me the second explanation is an 
unnecessarily complicated one to explain the apparent staining of a nucleus. 
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Dr. LEONARD-FRANCIS BELANGER (Ottawa, Canada) : I would like to add one remark, 
which I direct to Dr. Gomori, asking him what he thinks of it. Up to now the final 
outcome of his phosphatase techniques has been the presence of black precipitates 
following the cobalt nitrate-ammonium sulfide treatment. Most of the discussions 
that we have just heard arise from difficulties in distinguishing true precipitates from 
artifacts. Instead of blackening the precipitates after glycerophosphate incubation, 
would it not be advisable to examine the sections at that time under polarized light? 
The calcium or lead precipitates are anisotropic in certain media and can be identified 
easily in the sections, with minute details of localization. I have thus studied the 
localization of the alkaline phosphatase in the growing teeth of rats and hamsters 
following demineralization. In: polarized light, the precipitate is seen over the 
stratum intermedium of the enamel organ and also as a line located between this 
area and the distal pole of the ameloblasts, extending in between these cells but not 
reaching to their apical pole. In the cobalt nitrate-ammonium sulfide controls the 
reaction (false?) was visible also over the basal portion of the ameloblasts and over 
the nuclei of these cells, such locations having been reported already several times in 
the literature. I then ask whether this method of identifying the areas of pre- 
cipitation would not appear better than the routine blackening, doing away with the 
artifacts? 

Dr. Mupp: I wanted to ask Dr. Gomori if it might not be possible to determine the 
initial site of formation of calcium phosphate and its migration by stopping a process 
at intervals and taking electron micrographs. The calcium ought to be so dense in 
the electron-microscope section that it could be localized without the additional cobalt 
precipitation. 

Dr. R. D. Litim (Bethesda, Md): One could also take polarized light photographs 
without having an electron microscope. 

Dr. Gomori: I don’t think that it could be done, because the calcium is not localized. 
The calcium is in a supersaturated solution around the site of activity. As soon as 
you remove the slide from the section, it is gone. 


The Intracellular Distribution of Alkaline Phosphatase in Normal and Regenerat- 
ing Liver of the Rat. A. B. Novixorr, University of Vermont, Burlington, Vt. 


Abstract. Brachet and Jeneer (Biochem. ¢ Biophys. Acta 2: 423, 1948) observed 
that following partial hepatectomy in the rat the nuclei of hepatic cells were darker 
when stained by the Gomori alkaline phosphatase technique. This, together with 
supporting evidence, led them to suggest that nuclear alkaline phosphatase controls 
phosphorus turnover in desoxyribonucleic acid. However, recent critical study of 
the Gomori method by Martin and Jacoby (J. Anat. 83: 351, 1949) and by us (Science, 
in press) casts doubt on the meaning of a positive staining reaction of nuclei in 
sections. In view of these critical studies, the distribution of the enzyme in normal 
and regenerating liver was followed by both differential centrifugation and his- 
tochemical methods. In a representative experiment, the liver removed at partial 
hepatectomy showed the following alkaline phosphatase activities (expressed as 
micrograms P liberated by 100 mg. of tissue in 30 minutes) : homogenate 90, nuclear 
fraction 10, mitochondria 11, microsomes 11, and supernatant fluid 53. Seventy 
hours later, the regenerating liver showed the following activities: homogenate 167, 
nuclear fraction 55, mitochondria 22, microsomes 17, and supernatant fluid 55. By 
the Gomori method regenerating liver showed increased staining in the bile canaliculi 
and certain sinusoidal cells as well as in the cytoplasm and nuclei of parenchymal 
cells. With the Mannheimer-Seligman method it showed neither chromosomal nor 
nuclear staining ; only the sinusoidal cells, periportal capillaries and some bile canalic- 
uli stained. Other experiments will be reported in which the histologic and centrifu- 
gation procedures were varied. The bearing of the results on the validity of the 
two methods for the intracellular localization of the enzyme will be discussed. 
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Quantitative Estimation of Alkaline Phosphatase Activity in Tissue Sections. E. B. 
Tart (by invitation) and J. F. Scorr, Harvard Medical School, and Massachusetts 
Institute of Technology, Boston, Mass. 


Abstract. The value of histochemical tests for enzyme activity would be enhanced 
considerably if the activity could be expressed in quantitative terms without sacrifice 
of histologic definition. This is particularly true in some problems of growth and 
carcinogenesis involving the study of heterogeneous tissues such as carcinoma of 
the human breast and the butter-yellow hepatoma of the rat. 

Because of the optical difficulties inherent in the estimation of the amount of 
opaque substance or of heterogeneously dispersed dye in a tissue section, we have 
resorted to extraction procedures combined with spectrophotometry. This permits 
morphologic definition of the tissue together with an estimation of its over-all 
enzyme activity. We have begun a series of studies utilizing this general method 
with experiments on the alkaline phosphatase reaction of Gomori as modified by 
Doyle (Science 111: 64, 1950). Kinetic studies involving the various parameters 
of this reaction have been done. Techniques have been modified in such a way that 
observations can be made on histologically identifiable bits of tissue by estimating 
the reaction product in a simple microcuvette of 1-2 mm.* volume. 


Discussion 


Dr. A. B. Novrxorr (Burlington, Vt.) : I would like to ask Dr. Taft which adenylic 
acid was used, the 5- or the 3-adenylic acid? 

De. Tarr (Boston, Mass.): We used commercial yeast adenylic acid (Schwartz). 
Chromatographically it is a mixture of adenosine-2-phosphate and adenosine-3- 
phosphate. 

De. WILLIAM Doyte (Chicago, JU.) : A similar sort of study carried out on kidney 
and spleen showed marked differences between the tissues in rate of inactivation 
during incubation. With a similar procedure for estimation of sulfide deposition 
we examined the relation between section thickness and activity. One might expect 
greater diffusion of enzyme from thin sections than from thick ones but the results 
showed no evidence of greater loss of enzyme in the thin sections of kidney. Do you 
have any data of this sort for liver? 

Dr. Tarr: We have not done any experiments varying section thickness. 


Alkaline Phosphatase and Lipid Content of Normal and Leishmania-Infected Hamster 
Adrenal Glands. J. H. LeatHem and (by invitation) L. A. Srauser, Rutgers Uni- 
versity, New Brunswick, N. J. 


Abstract. Adrenal lipid and cholesterol changes are related to adrenal function. 
In this regard, the hamster adrenal, lacking lipid and cholesterol, presents an 
unusual study. Furthermore, the paucity of data relating parasitic infection to 
adrenal stress prompted this study. Adrenal glands from Leishmania infected 
and noninfected male hamsters were obtained at weekly intervals for 8 weeks after 
infection. Alkaline phosphatase was found in the nuclei of all cortical cells after 
3 hours’ incubation and a cytoplasmic reaction was evident in the midfascicular 
area. After 6 to 8 weeks, infected hamster adrenal glands presented an obvious 
increase in enzyme evident by the uniform cytoplasmic reaction in all but the 
glomerulosa. Control hamster adrenal glands were essentially devoid of sudano- 
philic lipid and cholesterol. Cholesterol was first observed 4 weeks after infection, 
and 2 weeks later sudanophilic lipids appeared in the cortex. Hamsters with marked 
edema at autopsy had adrenal glands containing unsaturated glycerides and hydropic 
degeneration of cortical cells suggestive of functional exhaustion. 
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Discussion 


Dr. S. Mupp (Philadelphia, Pa.) : I feel that this type of study is one of the types 
we must look forward to. Once we have the normal localization of chemical com- 
ponents straight, the tools that we develop will certainly be most helpful in working 
out alterations under conditions of physiologic and pathologic change. 

Dr. R. D. Litire (Bethesda, Md.): I do not question the absence of fat from the 
hamster adrenal, but since a good deal of fat is dissolved by the 70 percent alcohol 
or by the Herxheimer Sudan solutions, I ask what alcohol concentration was used 
in the dye solutions employed, as 60 percent seems to be the limit of safety. 

Dr. J. F. A. McManus (Charlottesville, Va.): I was interested in the technique 
for the demonstration of phoSpholipids in the Sudan black. Once I published a 
paper entitled, “The Demonstration of Certain Fatty Substances in Paraffin Sec- 
tions,” in the Journal of Pathology & Bacteriology. The method comprised cobalt- 
ealcium-formalin fixation and rapid acetone dehydration. The paraffin sections were 
then colored with Sudan black B. The acetone got rid of the tryglyceride fat, and 
the Sudan black B stained many of the rest of the complex lipid. I suggested at 
that time that that method would show more lipids than phospholipids alone, and 
that much more had to be done to identify phospholipids in sections. 

Dr. LEATHEM: In reply to Dr. Lillie, I tried fat stains involving as low as 40 
percent alcohol. I am further fortified by Dr. Knouff, who advises me that he has 
studied the fat content of the hamster adrenal chemically and finds it infinitesimally 
low. 


Reap By TITLe 


Demonstration of Golgi Zones by Three Different Histochemical Techniques for 
Carbohydrates. J. P. Anzac and (by invitation) L. G. Fiores, Hospital Espanol, 
Mezico, D. F. 


Abstract. The carbohydrate of the Golgi apparatus of several organs of rats, 
rabbits, and frogs was selected as the principal test material for the behavior of 
three different techniques: 1) periodic acid-colored fuchsin; 2) “direct” chromic 
acid piperazine silver; 3) periodic acid-Schiff. 

Parallel sections of organs in which positive reactions were observed were treated 
before staining with a series of reagents to characterize them as glycoprotein. 

The results obtained by the three techniques under any constant given set of 
conditions were identical in all cases. It is concluded that discrepancies that may 
have been noted up to now are due to several factors, probably one of the most 
important being the influence of fixation which is demonstrated. The study shows 
that periodic acid-colored fuchsin and chromic acid-silver methods are, at least 
empirically, as valid as periodic acid-Schiff techniques. 

Considering the differences in the oxidative mechanism of chromic and periodic 
acids, and other data, the possibility of two different chemical pathways giving equal 
final results is discussed. 


The Distribution of Acetal Lipids in the Adult White Rat. W. D. Berr (by invita- 
tion) and E. R. Hayes, Ohio State University, Columbus, Ohio. 


Abstract. A survey of the tissues of the adult white rat was made using a rigorous 
plasmal reaction (Hayes, 1947, 1949) which is specific for those lipids occurring 
as acetals. The plasmal reaction is distinct from that carbonyl reaction, which 
depends upon formol for unmasking of the lipids. Negative controls were still 
obtainable after brief fixation in formol-calcium (10-15 min.) ; this did not destroy 
appreciable amounts of acetal lipid. Handling and cytological detail were greatly 
enhanced. Detectable amounts of acetal lipid were found in almost every cell. 
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High concentrations were observed in the zona glomerulosa and medulla of the 
adrenal, in myelin, in the epithelium of the male accessory sex organs, in the internal 
elastic membranes, and in the elastic tissue of the trachea. Elastic fibers were not 
visible in the lung. Epithelium reacted variably from organ to organ, while muscle, 
nerve, and connective tissue maintained a rather constant reaction. The epithelium 
of the stomach had a marked reaction, as did the colon, while that of the intervening 
small intestine had little acetal lipid. The existence of at least two types of acetals 
was suggested by a difference in solubility of the aldehyde-dye complex of the reaction 
in different sites. In some places, the color remained permanent in clarite mounts, 
in others it faded rapidly. 


The Chemical Nature of the Materials Retained in Radioautographic Preparations 
of Thyroid Glands of Rats After Radioiodine Administration. R. Bocorocu, M. 


ISRAELOVITCH (both by invitation), and C. P. Lestonp, McGill University, Montreal, 
Canada. 


Abstract. After radioiodine administration, radioautographic reactions can be 
obtained in the cells or colloids, or both, of the thyroid glands. An attempt was made 
to characterize the radioactive substance(s) retained in the sections responsible for 
the radioautographic reactions. 

The right lobe of the thyroid gland of rats given radioiodine % hour previously 
was sectioned at 10m on a freezing microtome, and the sections were put in iced 
Ringer solution and centrifuged in the cold to separate cells from colloids. Both 
fractions were then treated with ammonium sulfate at a concentration of 41 per- 
cent, at which it is a selective precipitant of thyroglobulin. The radioactivity of 
precipitate and supernatant was estimated. 

The left lobe of the thyroid gland was fixed in Bouin's fluid for 24 hours. The 
radioactivity in the fluid was estimated and coated radioautographs were prepared. 

In the right lobe, the percent of the injected dose present in thyroglobulin pre- 
cipitate and supernatant were respectively 0.0150 and 0.005 in cells, and 0.23 and 
0.07 in colloid. ‘Thus, in both cells and colloids, most of the radioactivity was in the 
form of precipitable thyroglobulin. 

In the left lobe, radioautographic reactions were found in cells and predominantly 
in colloid. Bouin's fluid extracted an amount of radioactivity (0.07 percent of the 
injected dose) comparable to the sum of the amounts present in the supernatants in 
the other lobe. The amount of radioactivity remaining in the fixed left lobe was, 
therefore, equivalent to the sum of that which was precipitated with the ammonium 
sulfate solution in both the cells and the colloids of the right lobe (i. e., thyro- 
globulin). Thus, thyroglobulin appears to be the radioactive substance remaining 
in Bouin-fixed tissues and, therefore, is responsible for radioautographic reactions 
in the thyroid gland. 


Prostatic Phosphatase in an Infant with Adrenogenital Syndrome. G. W. CHANGuUS, 


W. L. WiLttaMs, and R. H. FENNELL (last two by invitation), University of Ten- 
nessee Medical School, Memphis, Tenn. 


Abstract. Previous investigators have found that prostatic phosphatase (‘acid” 
phosphatase) is low before puberty in humans and that androgens may stimulate 
the immature prostate to produce large quantities of “acid” phosphatase. 

Recently we have found, by chemical (disodium monophenylphosphate substrate 
buffered at pH 5) and histochemical (slight modification of Gomori’s frozen section 
technique using unfixed tissues) means, a relatively large quantity of acid phospha- 
tase in the prostate of a 1l-year-old infant with adrenogenital syndrome. The 
prostates of infants in the same age range with apparently normal development 


served as controls and contained only small quantities of acid phosphatase both 
chemically and histochemically. 
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The Elimination of Enzyme Diffusion Artifacts in the Histochemical Localization 
of Cholinesterases. G. B. Koette. College of Physicians and Surgeons, Columbia 
University, New York, N. Y. 


Abstract. When a_ histochemical procedure for localizing cholinesterases 
(J. Pharm. Ezp. Therap. 10: 158, 1950) was applied to frozen sections 10 yu in thick- 
ness, it was found, in comparison with thicker sections, that the degree of staining 
at certain sites was markedly diminished, whereas the relative intensity of nuclear 
staining was accentuated in several tissues. In contrast with the histochemical 
picture, Warburg determinations of the nonspecific cholinesterase activity of isolated 
liver-cell nuclei indicated that they contained comparatively low concentrations 
of the enzyme. It appeared, therefore, that substantial portions of the cholinesterases 
diffused from their original sites during the course of incubation and were partially 
fixed at the nuclear membranes. Manometric studies were conducted with prepara- 
tions of catspecific and nonspecific cholinesterase in solution to determine the 
conditions under which complete precipitation could be produced without marked 
impairment of enzymatic activity. As a result, the original incubation media for 
the histochemical method were modified by buffering at pH 6.0 and incorporating 
a final concentration of 24 percent sodium sulfate to fix specific cholinesterase 
or 28 percent for nonspecific cholinesterase. Sections of the cat stellate ganglion 
so treated showed most of the specific cholinesterase activity to be localized in the 
preganglionic fibers, protoplasmic tracts and cytoplasm of isolated ganglion cells; 
the greatest concentration of nonspecific cholinesterase appeared to be in the cyto- 
plasm of the capsular glial cells. The nuclei showed little staining for either 
enzyme. 


The Reflecting Microscope and Cellular Microspectroscopy in the Ultraviolet, and 


Infrared Regions. R. C. Me.tors,’ Sloan-Kettering Institute, New York, N. Y. 


Abstract. The range of usefulness of the microscope is extended through the 
entire optical spectrum—the infrared, visible, ultraviolet, and vacuum ultraviolet 
regions—by the use of achromatic reflecting systems of mirror-pairs in microscope 
objectives. This communication describes optical systems for the application of 
the reflecting microscope to cellular absorption microspectroscopy in various regions 
of the optical spectrum and to fluorescence microspectroscopy. Developmental 
work will be presented on a universal microspectrophotometer, which consists of: 
a) light sources for the entire optical spectrum; b) achromatic wavelength selector 
(monochromator); c) reflecting miscroscope; d) radiation detector (photographic 
emulsion, photomultiplier tube, photoconductive cell and thermocouple); and 
e) recording potentiometer. 


Polysaccharide as a Concomitant of Alkaline Phosphatase Activity. Florence Moog 
and (by invitation) Eleanor Lerner Wenger, Washington University, St. Louis, Mo. 


Abstract. Polysaccharide demonstrable by the periodic acid-Schiff technique has 
been found at many sites of high alkaline phosphatase activity. In erder to in- 
vestigate the extent of this correlation we have examined polysaccharide and 
phosphatase in the following positions: 15-day mouse placenta, adult mouse kidney, 
embryo mouse and chick mesonephros, adult mouse and chick intestine at various 
developmental stages, feather germs, endochondral ossifications in mouse embryos, 
perichondral ossifications in chick embryos. Other materials are now being studied. 
In the tests, polysaccharide is determined after diastase digestion at all sites that 
give a clear-cut phosphatase reaction in alcohol-fixed tissues during 30 minutes’ 


1This work was done in part under a Damon Runyon Senior Clinical Research Fellowship of 
the American Cancer Society and was aided by a grant from the National Cancer Institute of 
the U. S. Public Health Service. 
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incubation. (Assuming that polysaccharide is involved in phosphatase function, 
one would not expect that the substance would be sufficiently concentrated to register 
at points of weak phosphatase activity.) Polysaccharide proved to be present in 
precisely those localizations that gave a strong phosphatase reaction. In the in- 
testine, for example, both occur in the striated border and appear concurrently 
during the differentiation of the intestinal epithelium. No areas were found which 
were phosphatase-positive in 30 minutes but polysaccharide-negative. Polysac- 
charide is not part of the phosphatase molecule, for carbohydrate-free enzyme 
preparations have been made that are highly active (Abul-Fadl et al., 1949). We 
suggest, however, that polysaccharide, probably in fibrous form, is part of the 
orienting mechanism of the functional phosphatase molecule. 


Absorption Spectrum of the Feulgen-nucleal Complex in vitro and in situ.’ M. J. 
Moses, Brookhaven National Laboratory, Upton, N. Y. 


Abstract. The Feulgen reaction is being widely used as a quantitative measure of 
the desoxypentose nucleic acid (DNA) content of nuclei. However, certain basic 
information concerning the chemical reaction has been lacking. For instance, no 
careful spectrophotometric measurement of the absorption spectrum of DNA- 
regenerated leucobasic fuchsin of the Feulgen reagent, either in solution or in intact 
nuclei, has appeared. The need for further data is clear in view of the requifements 
of any quantitative colorimetric method. The Feulgen reaction was carried out 
on hydrolyzed solutions of DNA and the optimal hydrolysis time determined (maxi- 
mum Eso). The DNA-Feulgen complex was shown to obey Beer’s law. Beckman 
spectrophotometer determinations resolved the previously reported broad absorption 
maximum into two maxima, one at about 550my and another at about 575my. The 
characteristic absorption spectrum of formalin-regenerated reagent, on the other 
hand, showed only one sharp peak at 545myz. It was clear that the two regenerated 
complexes were not alike. The maxima of the DNA-regenerated reagent were not 
sharply separated, but the absorptions at these maxima could be varied inde- 
pendently of each other by varying hydrolysis time, pH and presence of protein. 
Absorption spectra of the Feulgen-DNA complex in nuclei were obtained for com- 
parison in the following way: The Feulgen reaction was carried out on sections of 
Trillium erectum anthers. An image of a single pachytene pollen-mother-cell nucleus 
was projected by means of a microscope and diaphragm system to fill the slit of a 
two-meter grating spectrograph. The image of the resulting transmission spectrum 
was recorded on a photographic plate and the plate scanned by a recording densi- 
tometer. The procedure was repeated for an adjacent blank area of the slide. From 
the two curves thus obtained a resultant curve was derived, representing the ab- 
sorption spectrum of the nucleus. This curve showed two distinct and deeply- 
separated absorption maxima, one at about 550my and the other at about 585mz. 
These observations demonstrate the common origin of the dye complex in the nucleus 
and the DNA-Feulgen complex in vitro. The significance of the two maxima and 
the reason for their marked differentiation in the cytological sections is not 
understood. 


The Histochemistry of the Harderian Gland of the Rabbit. EB. S. Scunem (by in- 
vitation) and E. R. Hayes. Ohio State University, Columbus, Ohio. 


Abstract. This lipid-secreting orbital gland is grossly separable into a pink and 
a white lobe. The tubulo-alveolar end-pieces are of simple epithelium with apocrine- 
secreting cells. The cell characterisic of the pink lobe is filled with large lipid drop- 
lets, the white-lobe cell with minute Sudanophil granules. They are distinct cell 


? Research carried out at Brookhaven National Laboratory under the auspices of the Atomic 
Energy Commission. 
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types with separate secretory cycles. Comparison with the rat (Grafflin, 1942) and 
hamster shows the two cell types there admixed in each end-piece. The cells and 
secretion of both lobes contain Sudanophil lipid, neutral fat (Nile blue), Fischler- 
positive material, phospholipid (acid hematein), alkaline phosphatase, and a neutral 
glycoprotein. The striking aspect of the lipid droplets is that they are nonosmiophilic. 
Small amounts of acetal lipid were found only in ducts and blood vessels. No Schultz- 
positive material, pigment, fluorescence, or lipase was found in either lobe. The 
cells of both lobes contained Nadi oxidase. Large amounts of birefringent lipid 
were seen in the cells and secretion of the white lobe, none in the pink. Acid phos- 
phatase was demonstrated only in the white lobe. This work is part of a larger 
program on the comparative anatomy and cytochemistry of this gland. 





Some Histochemical Properties of Mast Cells and Tissue Eosinophils in Stained 
Spreads of Normal Rat Mesentery.’ G. B. WisLock! and D. W. Fawcett, Harvard 
Medical School, Boston, Mass. 


Abstract. Mast cells and tissue eosinophils are abundant and favorable for study 
in the translucent areas of normal rat mesentery. 

Mast-cell granules consisted of an intensely metachromatic central core (basic 
lead acetate fixation—toluidin blue) coated by material which stained with Sudan 
black B and reacted positively for acid and alkaline phosphatases. Only traces of 
these reactions occurred in the intergranular cytoplasm. Two types of mast cells, 
with, intermediate forms, were distinguishable on the basis of size and of staining 
with the periodic acid-Schiff (pa-S) reagents: compact cells with both granules and 
intergranular cytoplasm stained an intense red, and larger cells in which the 
reaction—mainly intergranular—was faint or negative. Prolonged oxidation with 
a stronger solution of periodic acid increased the number of stained cells. 

Since Jorpes, Werner, and Aberg (J. Biol. Chem. 1948) found that heparin is not 
colored by the pa-S reagents in vitro while heparin monosulfuric acid is, they attri- 
bute the staining of mast-cell granules to the latter substance. The variable staining 
of rat’s mast cells may therefore reflect differences in their content of monosulfated 
heparin, and the staining of increased numbers of mast cells after more prolonged 
oxidation may be attributable to the partial conversion of unstained heparin to the 
stainable monosulfated form. 

The vivid metachromasia in the mast-cell granules in our preparations would seem 
to be a more reliable indication of the cytological location of the reaction than the 
evidence obtained from centrifugal fractionation of the cells, which led Julén, 
Snellman, and Sylvén (Acta Physiol. Scand. 1950), to conclude that the water- 
soluble metachromatic substance is situated in the intergranular cytoplasm. Their 
procedure, involving complete cell destruction, may have displaced the metachromatic 
component from the granules to other cytoplasmic elements. 

However, there are probably functional and species differences in the amount, 
intensity, and location of the several reactions. For example, in the mesentery of 
a pregnant guinea pig we have observed a variability, ranging from cells with well- 
defined, metachromatic granules, through intermediate forms, to cells with barely 
perceptible granules and pronounced metachromasia of the intergranular cytoplasm. 
Species differences in the pa-S reaction and lipid content of mast cells have been 
previously reported. 

Tissue eosinophils exhibited neither metachromasia nor acid phosphatase activity. 
Their granules were strongly sudanophilic and gave a purplish pa-S reaction of 
somewhat variable intensity in different cells. In preparations fixed in 80 percent 
alcohol there was a variable, faint alkaline phosphatase reaction in the nucleus 
and cytoplasm. 


1 Aided by a grant from the Milton Fund of Harvard University. 
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